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PART ONE 

PILOTAGE AND DEAD RECKONING 

CHAPTER 1 
GENERAL 


1-1. Purpose 

This manual provides a reference for basic 
and advanced air navigation as applied to Army 
aviation. It is also to be used as an instruc- 
tional text for students undergoing Army avia- 
tion training in schools or in the field. 

1-2. Definition of Air Navigation 

As discussed in this manual, air navigation 
is defined as the art of directing the aircraft 
along a desired course and determining its posi- 
tion along this course at any time. Such naviga- 
tion may be by means of pilotage, dead reckon- 
ing, or radio aids, and includes those proced- 
ures 'Which are used during instrument flight 
in directing the aircraft to a safe landing. 

1-^. Scope 

The scope of this manual is as follows : 

a. Pmt One, Pilotage and Dead Reckoning. 


Part One includes the basic concepts and the 
implements of air navigation which assist the 
Army aviator in planning and completing a 
flight by means of pilotage and/or dead reckon- 
ing. 

b. Part Two, Radio Navigation. Part Two 
includes information on radio navigational aids 
and their employment in flight. 

c. Part Three, Insti'ument Approaches and 
Associated Navigation Systems. Part Three in- 
cludes facilities and procedures peculiar to in- 
strument approaches. It does not include the 
theory and techniques of attitude instrument 
flying or the descriptions of flight and navi- 
gation instruments contained in TM 1—215 and 
appi’opriate aircraft operator’s manuals. 

d. Part Four, Advanced Navigation Sys- 
tans. Part Four includes the description and 
operation of advanced navigation systems cur- 
rently used in certain models of Army aircraft. 


.GO SUSA 
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CHAPTER 2 

BASIC CONCEPTS 


Section I. THE EARTH IN SPACE 


2-1 . Shctpe 

A perfect sphere is a body whose surface is 
at all points equidistant from a point within, 
called its center. Any sti'aight line which passes 
from one side, through the center of the sphere, 
to the opposite side is called the diameter of 
the sphere. Although the earth is actually a 
spheroid (being slightly flattened at the poles), 
for navigational purposes it is considered a 
perfect sphere. 

2-2. Rotation 

The diameter of the earth, around which the 


spherical body rotates, is an imaginary straight 
line called the axis. The points formed by the 
intersection of the axis with the earth’s surface 
are the North and South Poles, Any point on 
the earth’s surface, except the North and 
South Poles, completes one rotation around the 
axis every 24 hours. 

4-3, Revolution 

As the earth rotates, it also revolves around 
the sun in an elliptical path (fig. 2-1), com- 
pleting one orbit each year. 
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2—4. Inclination 

The axis of the earth { i j revolution. This inclination is such 

... th. rN^rr (^:rr 

Section II. MEASURING POSITION ON THE EARTH 


2-5. Position Designated by Coordinates 

surfacfrf^the ^ 

srpHS;f=”-“- 

system, known as a ^ 

(%. 2-2), des,“aLT^S%”pSrS 

expresses anenlar masnitnde w th ^2. to 

TWs sSYetJ-S: STSS t“e 

mter^etms el great and small cirdes (par, 

2-6, Circles on o Sphere 

a. Great and Small Circles. The straie-ht put 
of a p ane through a sphere forms a f 

the cat passes through the center of the eartf 
the mrdo formed is a gveu circle. Thte i“ the 
larges e.«lc that can be cnt from « sphere 
Any other circle, regardless of size is called n 
«imu circle, since the plane of « i, "t , 
dora not pass through the center of the sphere 
and; ta.ce, will not divide the sphmt 

Arcs and Their Measurement. Arcs arp 
segments of circles and are measured in de 

A degree (“) is 
yaoo of the circumference of a circle; thus, if 

equal a'rcs. ich 

rcle A minute o is tt, 
ot 1 minute. 

e. The Central Angle. Straight lines drawn 
fmm each end of an arc to the center of a 
form an angle at the center called the 
Ano-iPfl n]^;e arcs, are measured 
'*onfi« mue angle at 


north pole 
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Ftgnre 2~Z. Coordinate (grid) system. 


same 
3 as the 


tei of the circle to its periphery is a radius. 

In Linear Distances. The angu- 

ta distance between any two points on a “rcii 
an be expressed in degrees, minutes, and sec- 

of the ctJ' “ “‘"'‘"I' ^ 

2. t Jr • r®'' “ to'l'P^dent of the 

mon it “‘■J ■ depends 

upon that portion of the circle which separates 

distance “e '“ee*' 

distance between two points on the circle (an 
aic, fig. 2^) vanes with the size of the circle; 
i.e., with the length , of the radius. 

2-7. Reference Circles on the Earth 

The axis of the earth is the only distinctive, 

n^R f The North 

and South Poles are distinct points on the earth 
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rHE EQUATOR IS A 
3REAT CIRCLE. 



THE GREENWICH 
MERIDIAN IS A 
GREAT CIRCLE. 



ANY CIRCLE THAT 
CUTS THE EARTH 
IN HALF IS A 
GREAT CIRCLE. 


C2> 



A PARALLEL IS NOT 
A GREAT CIRCLE. 
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Figure 2-3, Great and small circles. 



Figure 2-i, Angular and linear distances. 

and are used as central points for one set of 
reference circles known as parallels of latitude. 
The only great circle of this set of circles is the 
Equator (fig. 2-2). 


2-8. Equator 

The Equator is a great circle located halfway 
between the North and South Poles and serves 
as a reference line for all parallels of latitude 
(fig. 2-2). Since the poles are 180° apart, every 
point on the Equator is 90° from each pole. 
The plane of the Equator is at right angles to 
the earth’s axis and divides the earth into the 
Northern and Southern Hemispheres. 

2-9. Parallels 

Any small circle whose plane is parallel with 
the plane of the Equator is a parallel of lati- 
tude (fig. 2-2) . Every point on a given parallel 
is equidistant from the Equator, the poles, and 
any other parallel, The Equator and all paral- 
lels are concentric around the polar axis. An in- 
finite number of parallels may be drawn; how- 
ever, only a few are shown on the globe. A 
parallel on the earth’s surface is designated by 
its angular measurement north or south of the 
Equator; e.g., point A (fig. 2-2) is a parallel 
29°45' north of the Equator. 


AGO aUBA 
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cM ^;"^;'‘''there marbe^an infinite number 
with paitiHols, shown on the 

ir'rxTdr;?s"nr.H-v .^e ob. 

"etvatory at 0>^'Pr“';hSr"nM 0 “ prime 

‘'"’r“A.rSr.^eSan?^ 

by VhJir anealar distance east or wrat oM e 

:iSiri'ot-«' wesrot" the Greenwich nteri- 
dian. 

2-11. Latitude and Longitude 

a. Latitude. The latitude of a point on the 
surface of the earth is its angular nieasuie- 
ment north or south of the Equator, measured 
on the plane of the meridian passing through 
the point Latitude ranges from 0° at the Equa- 

r n- nAO AT* HAllth at thO POlOS. 


b. Longitude. The longitude of a point is its 
angular measurement east or west of the prime 
(Greenwich) meridian, measured on the plane 
of the Equator or of a parallel. Longitude 
ranges from 0“ at the priine meridian to 180° 
at the meridian dianietric dly opposite the 
prime meridian (half-way aiound the world 
at the international date line). 

c. Parallels of Latitude and Meridiam of 
Longitude. Naming the parallel and meridian 
which passes through a point is essentially the 
same as giving its coordinates. Each is named 
according to its angular measurement from 
the Equator or prime meridian. A meridian of 
longitude is a line, but longitude is an angle j 
a parallel of latitude is a line, but latitude is 
an angle. In giving the coordinates of a point, 
latitude is given first, followed by the longitude; 
for example, point A (fig. 2-2) is positioned 
at latitude 29°46'N, longitude 106°22'W. 


Section III. MEASURING DIRECTION ON THE EARTH 


2-12. General 

In air navigation, directions are indicated 
both by use of cardinal points (north, east, 
south, west) or intereardinal points (north- 
east, southeast, southwest, etc.) of the com- 
pass and by numbers (degrees) (fig. 2-6). 

2—13. Measuring Direction 

The compass rose (fig. 2-5) divides the hori- 
zon (fig. 2-6) into 360 parts or degrees. Start- 
ing with north as 0° and continuing clockwise 
through east, south, and west, directions are 
expressed in degrees measured from north 
(0°) to, but not including, 360“. East is 090°, 
and west is 270°. Figure 2-7 shows point B in 
a direction of 046° (north-east) and point C in 
a direction of 270“ (west) of aircraft A. Air- 
craft A is headed in a direction of 120“ . A line 
by itself does not indicate a single direction; 
arrows or labels along the line are used to m- 
dicate the intended direction. Note that the di- 
rection of G from A (270“) is not the same as 
the direction of C fo A (090“ ) , even though 
drawn as one line. The direction of a line is 

2r4 ■ 



Fiffiire 2-5. CoinptiHH r<m, 

measured from its point of origin and labelcc 
by the angle the line forma with an intersectinf 
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Figure !i-0. The horizon an a compass rose. 


meridian. In figure 2-7, the direction from A is 
measured from point A. If the meridians are 
drawn as parallel lines, the direction of a 
straight line may be measured at any point 
along the line. In measuring the direction from 
C to A (A from C), measurement is made with 
reference to the mean meridian (DE) of points 
A and C because the meridians in figure 2-7 
are not parallel; i.e., they converge toward the 
north as do the meridians on most aerial navi- 
gation charts. 

Note. Three systems are in use for designating 
north as a direction on the compass rose. Although 
0° is used throughout this manual, other reference 
books may use 000° or 360°. 

2-14. Course 

The direction which an aircraft is to fly to 
reach a given destination is the course to that 
destination. Therefore, the course from A to C 
(fig. 2-7) is 270°. 
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CHAPTER 3 

NAVIGATION CHARTS 


Section I. CHART PROJECTIONS 


3-1. General 

An aiT navigation chart is a diagrammatic 
representation of the earth’s surface, or a part 
thereof, on a flat surface. The chart shows ele- 
vation; cities and towns; principal highways 
and railroads; oceans, lakes, and rivers; radio 
aids to navigation; danger areas; and other 
features useful to the navigator. 

3-2. Scale 

a. General The scale of the chart is the ratio 
between the distance on a chart and the dis- 
tance it represents on the earth. A chart show- 
ing the entire surface of the earth is drawn to 
small scale for convenient size. A chart cover- 
ing a small area and much detail is drawn to a 
larger scale. 

&. Types of Scales, The scale of a chart may 
be expressed simply, such as "1 inch equals 30 
miles.” This means that a ground distance 30 
miles long is 1 inch long on the chart. On 
aeronautical charts, the scale is shown in 
representative fractions and/or graphic scales. 

(1) Representative fraction. A scale may 
be given as a representative fraction 
such as 1:600,000 or 1/600,000. This 
means that 1 unit on the chart repre- 
sents 500,000 units of the same dimen- 
sion on the earth. For example, 1 inch 
on a chart may represent 600,000 


inches on the earth or approximately 
6.9 nautical or 8 statute miles. 

(2) Graphic scale. A graphic scale (fig. 
3-1) shows the distance on a chart 
labeled in terms of the actual distance 
it repi’esents on the earth. The dis- 
tance between parallels of latitude is 
a convenient graphic scale since 1° of 
latitude always equals 60 nautical 
miles. Meridians are often divided in- 
to minutes of latitude, with each di- 
vision representing 1 nautical mile. 

3-3. Distortion 

Distortion is the misrepresentation of direc- 
tion, shape, and relative size of features on the 
earth’s surface which occur when the earth’s 
round surface is projected onto a flat chart 
surface. A globe is the only means of repre- 
senting the entire surface of the earth with- 
out distortion. 

a. Developable Surfaces, A developable sur- 
face (fig. 3-2) is a curved surface such as a 
plane, cylinder, or cone that can be flattened 
without tearing, stretching, or wrinkling. 

b. Nondevelopable Surfaces. The surface of 
a sphere or spheroid is nondevelopable because 
no part of it can be laid out flat without dis- 
tortion. This can be understood by attempting 
to flatten half of an orange peel. However, a 
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small piece of ovange peel, because it is nearly 
flat can be flattened with little stretching or 
tearing. Likewise, a small area of the earth’s 
surface which is nearly flat can be represented 
on a flat surface with little distortion (fig, 3-2). 
Distortion becomes a serious problem in chart- 
ing large areas and can never be completely 
eliminated. It can, however, be controlled and 
systematized ; i.e., a chart for a particular pur- 
pose can be drawn so as to minimize the type of 
distortion which is most detrimental. 

3-4. Chari Characteristics 

Each type of chart has distinctive features 
which make it preferable for certain uses ; no 
one chart is best for all uses. If it were possible 
to construct a perfect chart, the chart would 
have the following : true shape of all physical 
features, correct angular relationship (con- 
formality), representation of areas in their 
correct relative proportions, true scale value 
for measuring distances, and great circles and 
rhumb lines represented as straight lines. It is 
possible to obtain one and sometimes more than 
one of the above properties in any one projec- 
tion, but it is impossible to retain all of them. 
For example, a chart cannot be both conformal 
and equal area. Desirable but secondary chart 
properties are — ease in finding and plotting 
coordinates of points, ease in joining two or 
more charts, cardinal directions parallel 
throughout the chart, and simplicity and ease 
in construction, 

3-5. The Graticule 

a. General, Exact coordinates of any point 
on the earth may be found by astronomical 
means, With reference to control points estab- 
lished in this manner, the exact location of 
nearby features may be found by geographic 
survey or by aerial photography. A chart can 
then be made by drawing the established 
geographical features on a framework of meri- 
dians and parallels known as a graticule (fig. 
3-3) . Once the graticule is drawn, features may 
be plotted in their correct positions with refer- 
ences to meridians and parallels. 

h. Form and Size, The form of the graticule 
determines the general characteristics and ap- 
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pearance of the chart; its size determines the 
scale. Since meridians and parallels cannot 
be shown on a plane surface exactly as they 
would appear on a sphere, there is no perfect 
method of constructing the graticule. For ex- 
ample, the meridians and parallels may be 
shown as straight lines, as variously curved 
lines, or some as straight and some as curved 
lines ; they may be spaced in various ways and 
may intersect at various angles. 

3-6. Projection 

a. Definition. The method of representing all 
or part of the surface of a sphere or spheroid 
on a plane surface is known as a projection. 
The actual projection of a graticule is accom- 
plished by application of mathematical for- 
mulas. 

b. Classifications. Projections are classified 
primarily as to the type of developable surface 
(fig. 3-2,) to which the spherical or spheroidal 
surface is transferred. They are sometimes fur- 
ther classified as to whether the projection 
(but not necessarily the chart made by it) is 
centered on the Equator (equatorial), a pole 
(polar), or some point or line between the 
Equator and the poles (oblique) or tangent at a 
meridian (transverse). Some cartographers 
drop the term oblique and call all such projec- 
tions transverse. Chart projections most com- 
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Figure S-8. Appearance of the Lambert projection 
graticulef 

3-3 


I. .22 5 

, ,, ;..aiiru) are the Lambert 
a. ^ vluKh-ical, ami the polar 

: ’ . 1,3, .n which are conformal 
r i-V-'j, {Sfinofitaphy is the 
• ■ a (>f the solid bodies 

("harts are used in 
- . n.::iiv for two i)iirposes: (1) 

,a..i i2) t.'lotting ami measuring-. 
:• , I ^ ;-i.. ii.i'iiuon of one’s position 

: ; ,,r, hoidniark.s (par, 4-1). 

■ . . f. . .. t,, v-’ahli.shment of points and 
,1 means measure- 

? . : ■ : .f.. ;;tid di.'-rance on a chart (par. 

3 7 lambert Conformal Projection 

.5 . /,/ f/u: (i raticulc . The Lam- 

. r t' irriii.l j.rojection (Lambert chart) 
cr.,'j(:crir>n using the cone for a 
;v .• ifface. All meridians are straight 
i-.T the ape.K of the cone. All 
,..rc i onventrie circle.s, the center of 
. .h 1 -^ n!-<; ihe apex of the cone. Meridians 
5 I intersect at right angles and the 

i,y any two lines is correctly 
(fig. 3~3). 


b. Standard Paralh!-'<. Tito cone intersects 
the sphere at twc» pnrallels (lig. 3 _ 4 )_ f 
parallels are known as Hlnndard parallels for 
the area to be rep rest' n ted. 1 n general, for equal ; 
distribution of scale m-i’or, Iho standard paral- i 
lels are cho.sen at one-six Ih and five-sixths of i 
the total length of Hint jKod ion of the meridian 

to be represented. j 

c. Acciamcy. Along f im I wo standard paral- I 
lels, areas are reinMmonted in true scale, Be- i 
tween the standard parallels, the scale will be 
too small; beyond them, loo large. For practical i 
purpo.sea, the scale can be considered constant 
for a larg-e scale chart of a small area (fig. | 
3-5). Accuracy is greatest for charts of pre- 
dominantly east-we.st dimensions. 

d. Confoi'inality. The liambert projection is 
conformal because the .scale is practically uni- 
form in all directions about any point, and the 
angles formed by parallels and meridians are 
shown cori'ectly. Bociui.se of the .scale uni- 
formity, areas retain true .shape (fig. 3-6). 

e. Great Circle va. Straight Line, Any . 
straight line on a Lambert chart is nearly a 
great circle (ftg. 3-7). In the distance of 2,672 I 
statute miles between San Francisco and New 
York, a great circle and a .straight line connect- 
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49 ° -101/2% 
45° -100% 

(SCALE EXACT) 

39° •99V20% 

33 ° - 100 % 

(SCALE EXACT) 

23° -102y2-% 

aavn420 

Fi{}me 3-5, Variaiioii of scale on typical Lambert 
projection. 
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Figure S-6, Areas and angles (Lambert), 


straight line by about 170 miles. An accurate 
I’humb line cannot be drawn on a Lambert 
chart, but it can be approximated by a series 
of short straight lines. 

g. Use, The constant scale and conformity of 
Lambert charts place them among the best 
charts for air navigation. They are suitable 
for navigation using long-distance radio bear- 
ings and are superior to Mercator charts (par. 
3-8) for problems involving long distances and 
true directions. However, for plotting positions 
and measuring rhumb line directions, they are 
inferior to Mercator charts. 

3-8. Mercator Projection 

a. Description. The Mercator chart is a cylin- 
drical projection. Meridians appear as straight 
lines which are equidistant and parallel. Paral- 
lels of latitude are parallel to each other and 
perpendicular to the meridians. The distance 
between parallels increases with an increase in 
latitude. Since the meridians are parallel to 
each other, the east-west scale is increased with 
increase in latitude. Consequently, parallels 
must be placed in such a manner that the 
north-south scale increases proportionately. 
As a result, the scale at any point is constant in 
all directions. Since meridians and parallels in- 
tersect at right angles as on the earth, all angles 
are shown correctly. Every rhumb line appears 
as a straight line, and every straight line is 
constant in direction. The Equator and the 
meridians are the only great circles which ap- 





ing them on a Lambert chart are only 9 Vi miles 
apart at midlongitude. For shorter distances, 
the difference is negligible. For all practical 
purposes, if a flight is only a few hundred miles 
long, a straight line may be considered a great 
circle. 

/. Rkwmh Line, A rhumb line on a Lambert 
chart is a curved line. The closer its direction is 
to east-west, the more a rhumb line departs 
from a straight line. Over distances of 100 to 
200 miles, in the latitude of the United States, 
a rhumb line departs little from a straight line; 
but over long distances, the difference becomes 
large. Between San Francisco and New Yoi’k, 
the length of a rhumb line differs from a 



Figure S~7. Great circle vs, straight line on a Lambert 
chart. 
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> / .= V 1.7 , i}: r vr r h a rf A’/i o w 1 nff' W( injhl? line vs, 

t'ircle* 

y^Af it- lines; a!! other great circles 

■9; ;-<>■»}' ...i,-. turv^^nl rines (fig. 3-8). 

■ T'-. .l.-frctwi'ayp*'. Disadvantages. The 

M r H ;':;sirT is used in air navigation only 
t<-': / •;■)>:•• r. 5 Tu« overwater flying. Its greatest 
; . i* That 'd rhumb line on the chart is 

Ji j'lfie. Plotting i.s easier because of 

'Tit fCT graticule. On the other hand, 

;• r radio bearings cannot be plotted 

4::i'.i„iT *p«3al <:orrection.s. Because of the ex- 
*ra!e of thi-s chart, distances are diffi- 



Figure 8-0, The polar sivreographic proiectm, 



Figure 8—10, Modified polar Hlrreographic pTojeclion, 


3-.9. Polor Stereographic Projection 

,s The polar atereographic pr( 

ts -ri fifijr :i 9) is ti,a,.5ed on a plane, tanger 
mith the point of projection at 
Meridians are straight lines 
at the p,3le. Parallels are coneet 
77 ^ wdh the pole as their common ce, 
#<»* J,» world aeronautical chart (WAC) sr 
hpa-, .1.-5 1 Ihg polar stereographic char 

by using a 


tki 


H‘«uc ^iig. a. 

^ y ^■'’^'•■'**<1 the polfii,’ st6reoi?r‘ 

^ome scale at 80- 
The p»iar stereographic chart n,.. 
!«. wl. at mnf ainee the aecaet pta 

3m 


tersects the earth’s surface at that latitude, 
with the scale decreasing as the pole is ap- 
proached. The polar atereographic chart is the 
best chart for navigation in polar regions. ; 

b. Area of Coverage, A polar stereographic 
chart may include a whole hemisphere; how- 
ever, a chart used for air navigation will not 
extend more than 20” or 30” from the pole. 

^ c, Seccle. Since the interval between parallels j 
increases with distance from the pole, the 
north-south scale also increases away from the 
pole. The east-west scale increases in the same j 
proportion, so that at any point the scale is con- | 
stant in all directions. For all practical pur- | 
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poses, the scale is constant within the limits of 
a navigational chart, 

d. Angles. All angles are correctly shown 
since meridians appear as radii of circles 
representing parallels, and meridians and paral- 
lels intersect at 90° angles on the chart. 

e. Straight Lines vs. Rhumb Lines vs. Great 
Circles. Meridians, which are great circles. 


appear as straight lines; hence, any great circle 
passing through the center of the chart appears 
as a straight line. Other great circles appear as 
slightly curved; however, the closer they are 
to center, the straighter they appear. Within 
the limits of a navigational chart, a great circle 
is shown as a straight line and rhumb lines 
appear as curved lines. 


Section II. AERONAUTICAL CHARTS 


3-10. United States Sectional Charts 

a. General. United States sectional charts 
are Lambert conformal charts published by 
U.S. Coast and Geodetic Survey. The scale is 
1:600,000 (1 inch equals approximately 6.9 
nautical miles or about 8 statute miles). The 
purpose of the charts is to provide coverage for 
the United States and the Hawaiian Islands at 
a scale appropriate for flights of short dura- 
tion. They are intended primarily for pilotage 
(visual flight) but ai’e suitable for all forms of 
navigation. The large scale of the sectional 
chart permits information to be included in 
great detail. 

b. Topographical. Topographical features 
such as bodies of water, rivers, and streams are 
shown in their respective positions; elevation 
of terrain is indicated by contour lines and 
color variations ; high peaks are shown with the 
highest elevation in italics. 

c. Cultural, Cultural features, such as rail- 
roads and major roads and, in sparsely settled 
areas, even dirt roads or paths, may be shown. 
Cities and towns, mines, lookout towers, and 
many other good landmarks are indicated by 
symbols. 

d. Aeronautical, Aeronautical features such 
as airports, airways, radio ranges, etc., are 
shown in these charts. In a rectangle near each 
airport, information relative to the airport is 
listed and includes such data as lighting, type 
and length of longest runway, frequencies avail- 
able for contacting the tower, etc. 

e. Other Information. Most sectional charts 
cover an area containing 2° of latitude and 6° 
of longitude, with a marginal overlap on the 
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adjoining chart. These charts are designated 
by name and series (e.g., Des Moines — sec- 
tional), Clarification of chart symbols and other 
pertinent information is printed on the reverse 
side of the chart. Some charts are scheduled for 
I'evision every 6 months; others are scheduled 
for revision annually. Date of the chart and 
scheduled time for next edition is located in the 
lower right hand margin of the chart face. 

3-11. World Aeronautical Chart 

The world aeronautical chart (WAC) is pub- 
lished by the U.S. Coast and Geodetic Survey. 
Scale is 1:1,000,000 (1 inch equals approxi- 
mately 14 nautical or 16 statute miles). From 
0° to 80° latitude, WAC charts are based on the 
Lambert conformal projection; from 80° to the 
poles, they are based on the modified polar 
stereographic projection. Their purpose is to 
provide a standard series of aeronautical charts 
covering the world at a size and scale con- 
venient for navigation over land surfaces. The 
smaller scale of the WAC chart does not permit 
as much detail as the sectional chart. All types 
of topographical and cultural features, includ- 
ing railroads and major roads, are shown. All 
important navigational aids and air facilities 
are included on the overprint. Scheduled re- 
visions supersede previously printed charts. 
Time for the next scheduled edition is shown 
below the date in the lower right-hand corner 
of the margin. 

3-12. Phofomaps 

Photomaps prepared by the Army Map Serv- 
ice, Corps of Engineers, are used for air navi- 
gation over small areas. These maps may be 
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reference to a system of horiKontal and vertical 
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CHAPTER 4 

CHART READING, PILOTAGE, AND LOW-LEVEL NAVIGATION 


Section I. CHART READING AND PILOTAGE 


4-1. General 

Chart reading is the identification of land- 
marks with their representation on a chart. 
The degree of success in navigating by observa- 
tion of landmarks (pilotage) depends upon the 
aviator’s proficiency in chart interpretation. 


4—2. Accuracy of Charts 

The latest revised aeronautical charts of the 
United States are accurate and complete. 
Charts of other parts of the world may not be 
as accurate or complete due to lack of informa- 
tion or utility. Since aeronautical charts under- 
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„vi«io„, the chart 

,. iI4 he the latest revision. Current 
‘ ^ i, ;,5 charts are listed in current navi- 

t. thlfcation.s. 


4-3 Chorl Content 

charts do not picture all details. 
... . ..j-h ular features useful to the aviator 
... , including those features which 

• rhc n;.ost di.stinctive appearance from the 
^ f F'.r eniphasi.s, many features are shown 


out of proportion to their true size, though cen. 
tered in their correct positions. For example 
the line representing a road on a WAC chart 
may appear to be a quarter of a mile wide ac- 
coi'ding to the scale of the chart. Radio sta- 
tions are prominently shown even though they 
are inconspicuous from the air. Many lines, such 
as meridians, parallels, isogonics, airways, and 
contours take up space on the chart even though 
they are invisible on the ground. 
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>ls 

irt is a diagram, it consists of sym- 
) not necessarily resemble the shape 
ce of the objects they represent, 
rt reading depends on a complete 
ig and interpretation of these sym- 


•onautical charts show elevation 
1 inequalities of the earth’s surface, 
ich are known collectively as relief. 
untaina are good landmarks but are 

0 a hazard to flying. Elevations of 

1 highest peaks and other signifi- 
it spot elevations are shown in 
lies. 

st charts represent relief by means 
contours (lines connecting points 
equal elevation (fig. 4-1)). The 
)reline of the ocean might be 
)Ught of as the 0-foot contour, since 
ny point on it is at sea level. The 
OO-foot contour is a line connecting 
points that are 1,000 feet above the 
3 rage (mean) sea level. On a steep 
pe, contours are close together; on 
rentle slope, they are farther apart. 

sectional and WAG charts, con- 
jrs are brown lines, each line labeled 
th the elevation it represents (fig. 
1). Contour intervals vary from 
art to chart. On charts where only 
V elevations exist, the contours are 
500-foot intervals; where high ele- 
tions exist, the contours are 1,000 
3t apart. On charts where unex- 
)red areas are shown, mountains 
ly be indicated by hachures or shad- 
g, with elevations of peaks shown as 
curately as they are known, 
ichures may be used on contour 
arts to show prominent hills or 
ittes too small to depict by con- 
urs. The relief shown by contours is 
rther emphasized on sectional and 
AC charts by a gradient system of 
bring. The area between sea level 
id 1,000 feet is dark green ; between 


1,000 feet and 2,000 feet, light green ; 
and between successively higher con- 
tours, different shades of brown from 
light to dark. The darker colored 
mountain peaks stand out conspicu- 
ously. Other aeronautical charts have 
different color schemes, or show only 
contour lines. The color shading block 
of the legend indicates elevation levels 
on the chart. 

b. Cultural Cultural symbols (fig. 4-2) 
represent manmade features. Cities and towns 
are shown by several methods. A circle or 
square denotes a small town, but does not show 
the shape of the town. The town can be recog- 
nized from the air only by its position relative 
to nearby features such as roads, railroads, 
rivers, streams, etc. A city is represented ac- 
cording to its shape and size. Comparatively 
few roads are shown on WAC charts, and on 
detailed sectional charts many conspicuous 
roads are omitted, especially in congested areas. 
All railroads are shown on aeronautical charts; 
normally they are more permanent than auto- 
mobile roads and are more likely to be ac- 
curately depicted. A chart may or may not 
show a bridge where a road or railroad crosses 
a body of water. Many cultural features, such 
as racetracks, oil fields, tank farms, and ranger 
stations, are shown by special symbols, 

Note, There are no standard symbols for many con- 
spicuous features, such as smokestacks, water towers, 
monuments, and prominent buildings. These are often 
indicated by brief descriptive notes, and each feature 
is indicated with an arrow and perhaps a dot showing 
the location. 

c. Aeronautical Information. Aeronautical 
information is printed in magenta or blue color 
on sectional and WAC charts. Classes of air- 
ports are distinguished by different symbols, 
and the elevation of each airport is given (fig. 
4-S). Light beacons (with their code signals) 
and radio stations (with their call letters and 
frequencies) are also shown (figs. 4-4 and 4- 
5), Airways, danger areas, and isogonic lines 
are clearly marked (fig. 4-6). 

d. Water and Foi'est. Bodies of water are 
valuable to the navigator because they are 
relatively permanent and easily seen from the 
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RADIO FACILITIES 

Use of the word "Radio" within the box indicates voice faciiities 
All radio facility data are printed in blue with the exception of certain LF/MF facilities such 
as tower frequencies, radio ranges and associated airways, which are printed in magenta. 


Radio range 

(Wilhout voica) 

(Two le»or Idantificotiori dsiignad 
when asioclolerf wilh VOR) 

Radio range — ~ 

(Wirti voice} 


NEW CASTLE 
-|_350 ILG 


Radio broadcasting station <$)- 


r-BS^ 

_WOL 

1260 


0 — [ 


8ALTIM0RE RADIO 
257 BL n:;: 


Radiobeacon, nondirectional d 

(homing) (Wilh voice) ■, , 


BEDFORD RADIO 
522 DBH w:-:- 


Marine radiobeacon- 
(Wiihoui voice) 


.RDn- 


EVERETT 
224 — — 
10m-20m & 30m‘40m 


Radio communication station O- 

(With voice) 


-CS^ 


GOWEN RADIO 
278 


pii M i II I LOM II 

Outer mariner qlqm or 359 EW 

radiobeacon voice ' 

(Shown when component of airway syjtom) 


_RAC0N_ 
- f9310 2-l>^ 


WMMm90^ 



NEWTON 
(Non-compulsorv 
reporting poiol) 


Radar beacon — -. O 

^ LOCALIZER 

Localizer O 109.5 I BED or--© LCZR 

(Shown when component of airway system) 

[FOjtN EY^ J 00 vi(atts , f.-ap marker beacons 

S wall, ft-. "'“S' 

AURAL RANGE '.S/ii' 


RARVEY 

(Compuhory reporting point) 


O • gj 7(yW: 

■■^Beorings are magnetic ot the station* vsxX; iCAqinNI 

The heovy line indicates the "N" quadrant. 

[AVO™ 


AIR TRAFFIC CONTROL 


VHF OMNI-DIRECTIONAL RADIO RANGE (VOR) 
6 



-VORTAC. 


NORFOLK RADIO , 
U6.8 Ch 115 QRF ?.»rl 


(in congested areas only the station 
location ond Idontifvlng box, wilhoi 
g compass rose, ore shown) 




Bearings ore magtioflc ot Iho stollon, 
Rodius of circle is 1 5 nautical miles, 











'^’*^^>6 (VORairwoy 
*f/*’. ^'fA designolion) 

Lf AIRWAY 

RED l U liiiHiiilUUESili i i i i iStmniiit y— 


DME where shown Indicotos 
Distance Measuring Equipment. 




Control Zone extends upwards from surface. 

Magenta tint indicates floors of 700 feet AGL. ' ' 

Blue tint Indicates floors of 1200 feet AG Land above. 

Only the limits of controlled airspace which are effective 
below 14,500 feet MSL are shown on. this chart. 

Canadian airways and air routes extend to 23.000 feet ASL. 


IPiguvo AeTonautical symbols — radio faeilitics. 


In mountainous areas, mines, ranger sta- 
tions, prominent peaks, passes, and gorges can 
be used. In a desert, where checkpoints are few, 
minor features may be satisfactory checkpoints. 

b. If there is an uncertainty about the posi- 
tion, every possible detail should be checked 
before identifying a checkpoint. The aviator 
may have to check back and forth from chart 
to ground to compare the angles at which roads 
or railroads leave a town, the position of 
bridges and intersections, or bends in streams 
and roads. Because the chart shows only signi- 
ficant details, it is essential that the aviator 
select reliable features on the chart to compare 
with features on the ground. Figure 4-7 shows 
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the characteristics of good and poor check- 
points. 

4-6. Estimating Distance 

Ground distance can be estimated by com- 
parison with the known distance between two 

other points measured on the chart. 

4-7. Appearance of the Terrain 

a. Effects of the Sun. When the sun is low, 
long shadows cause strong terrain contrasts 
and emphasize relief. At noon, or when the sun 
is obscured, the absence of shadows causes the 
terrain to appear flat. 

b. Obstructions to Visibility. Smoke, haze, 
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i #, -lero'xauiiVai sj/wi6o/s — miscellaneoua, 

arjft dus?. reduce visibility and often restrict 
r>b«rv’arK>n of the terrain to the area directly 
ti^rneath she aircraft Clouds below the aircraft 
jrsj bk^k the Kround view completely, 

r. 5fa.¥tv«nf Changes. Snow on the ground 
rruay ronceai a landmark. The shape and size of 
■Mts, nvers, and ponds often change with the 
**a.*>n,«, especially in low, flat country. 

d Level Flight. When flying at low 
only small areas of the terrain can be 
««n, Because of the oblique angle of skht 
.TOr«t object depth is increased and relief 
‘kuil IS pronounced. The ground apneara tn 

I»saible. An aircraft flying' at tnn 
f«et above the terrain witw „ ^ 

T# knots ha« the same a groundspeed of 
rwd as an aircraft fiyfng ^”2 o^O f over the 
rnwmfepeed of 1,400 knotl ^ ^ ® 


tr««t0d high altitudes 

»tetor has difficulty dS^r the 

tiwe^fe&iwkpaint passage w^" 

^ a area ca?rS visibility is 

can t« seen, distances appear 
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, ., ' wiin att e 

detail. 

4—8, Night Pilotage 

a. General During hours of darkness, an im 
lighted landmark may be difficult or even im" 
possible to see, and lights can be very confusing 
because they appear to be closer than they 
really are. Stars near the horizon may be con 
fused with lighted landmarks; however local' 
ing the North Star (Polaris) will assist in or' 
ientation. PoJaris is always due north and its 
altitude above the horizon is approximately 
equal to the latitude. Objects can be seen more 
easily at night by looking at them from the 
side or rods of the eye. Staring directly at ob 
jects during night flight impairs night vision 
and can cause vertigo and disorientation. 

h. Unlighted Landmarks. In moonlight and 
occasionally on moonless nights, some of the 
more prominent landmarks such as coastlines 
lakes, and rivers are visible from the air Re’ 
fleeted moonlight causes a stream or lake to 
stand out brightly for a moment; however 
this >^ew may be too brief to permit recogni’ 
tion. By close observation, roads and railroads 
may be seen after the eyes have become accus- 
tomed to darkness, 

c. Lighted Landmarks. Cities and large 
towns are usually woll-lighted and are more 

often be identifled by their distinctive shapes 
and frequently can be seen at great distances, 

' ?™!u <;han they actually are. 

Smaller towns that are darkened early in the 
evening are hard to see and difficult to recog- 

aXmnhT discernible because of 

hourof daSr*"' 

4-9. Chart Reading In Flight 

prenyl on the Ground. Proper ground 

an?rn«n for navigation will save much time ^ 
should h. The course line 

chart w^n ^ Tulck glance at the 

location Indication of the aircraft's 

both d(»r,n».f ^ 1^0 the desired course. If 

P nr© and destination are on the saine 
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CONDITIONS 



GOOD CHECKPOINTS 


MOUNTAINOUS AREAS 

Prominent poaka, cuts and passoa, 
gorges. 

General profile of ranges, transmission 
lines, railroads, large bridges over 
gorges, highways, lookout stations. 
Tunnel openings and mines. 

Clearings and grass valleys. 

Radio Aids. 


COASTAL AREAS 

CoaBtlino with unusttal features. 
Lighthouses, marker buoys, towns and 
cities, structures. 

Radio Aids. 


SEASONAL CHANGES 

Unusually shaped wooded areas in winter. 
Dry river beds if they contrast with aur* 
roimdlng terrain. Dry lakes. 


HEAVILY POPULATED AREAS 

Large cities with definite shape. 

Small cities with some outstanding chock 
point} river, lake, structure, easy to 
identify from others. 

Radio aids, prominent structures, speed- 
ways, railroad yards, underpasecs, 
rivers and lakes. 

Race tracks and stadia, grain elevators, 
etc. 


OPEN AREAS FARM COUNTRY 

Any city, (own, or village with identifying 
structures or prominent terrain features 
adjacent. 

Prominent paved highways, largo railroader, 
prominent structures, race tracks, fair- 
grounds, factories, bridges, and 
underpasses. 

Lakes, rivers, general contour of torralnj 
coastlines, mountains, and ridges where 
they are distinctive. 

Radio Aids. 



FORESTED AREAS 

Transmission tines and railroad right-of- 
ways, Roads and highways, cities, towns 
arid villages, forest lookout towers, farms. 
Rivers, lakes, marked terrain features, 
ridges, mountains, clearings, open valleys. 
Radio Aids. 


Figure Ji~7, Good and poor ohoekpointa. 


POOR CHECKPOINTS 


Smaller peaks and ridges, similar in, 
size and shape. 


General roiling coastline with no 
distinguishing points. 


Open country and frozen lakes In winter 
unless In forested areas. 

Small lakes and rivers In arid sections 
of country - in summer - when tljey may 
dry up. 

Lakes (email) in wot seasons In lake 
areas, where ponds may form by 
surface waters. 


Small cities and towns, close together 
with no definite shape on chart. 

Small cities or towns with no outstand- 
ing check points to Identify them* from 
others. 

Regular highways and roads, single 
railroads, transmission lines. 


Farms, small villages rather close 
together, and with no distinguishing 
characteristics. 

Single railroads, transmission lines 
and roads tlmough farming country. 
Small lakes and streams in sections of 
country whore such arc prevalent, 
ordinary hills In rolling terrain. 


Trails and smaJl roads without 
cleared right-of-ways. 

Extended forest areas with few breaks 
or outstanding characteristics of terrain. 


onvnSJZ 


AGO SUSA 


4-7 


TM 1-225 


chart the course line is drawn along a straight 

lireTr r 

me ,3 Ihen drawn on each o( the charts beinir 

If the!f "■'‘■stmed. 

for ea. T, ! ‘n'l-entents 

example) of 20 miles, the trouble of un- 


£hUs ‘nvoWer “'““''’’il distance in 

the ch‘:;r,ftCfnSron?h“ i: 

Ime or magnetic north. The corae" line*”?!?* 

<=d:d'':„r ? 

dif«tionat,%r„t:!,' ct? 


4-10. Definition 

.•ec«ng''?n' SSf ”l “ di- 

at low altitudes and dete^”^- ^ course 

thin course „t any time wSlS"es^^^^ 
atally are considered to be bJow SorfS.*' 

4~-n, General 

a. Navigation at low levels diffta..„ 

nTracZrs rsZ’T/* 

and extensive use of avaiioM^ and/or pilotage, 

aviator and ob^r "Zt 

in order to make and SL 

vations with accuracy. ’"'flight obser- 

sistencyt^wIndTclMl^to^th^ 
the problem of loXei n! T” 

tion, the fundamentals of ^ addi- 

-tofhisatS‘t“rtoX"z.trrr" 

in hnZonyTnd nrZ'"'' 
be performed by each.’Zmalirihe‘'f “t'" 

:“;:rZ3^'r 

ever. wheS^St nraT^ZelrZ Z™' 

as in nap-of-the-earth flight ^ ^ -T 
concentrate on clearino- tfv, I ^^i"tor must 
tain inn. fi, Clearing obstacles while main 

taming the proper heading and airsro^ 
mum viewing outsifto f inn ^ > maxi- 

The observer ?nZdd1t m t° 
monitor the engine tran«m° “'''gating, should 
engine, tiansmission, and other in- 
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EEt r =‘‘-hfavS:”t te^^ 
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surface to that of a sil^uettHn^ A ^ ^ 

tation of relief bpoomoc, ^ 

most cases aeronautical chStra 

scalp fnr cnaiis ai’e too small in 

strain ZZT'’ detailed featurS 

of 1:26 000 1 •B 0 *onn”'^^e ievailable In scales 
j. ,it,Li,uuu, I ♦50,000, and 1 ‘inn nnn\ 

s'eiSdZ 

the Saft Who “d tbe speed oi 

;fCXrZet“ZZ-^^ 

ome instances, a combination of scales may 
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be required. For example, a map of 1 :100,000 
scale or an aeronautical chart may be adequate 
for the flight fi'om the departure airfield to an 
intermediate checkpoint; but beyond that point 
to the landing zone, as in an airmobile opera- 
tion, more precise navigation may require us- 
ing a map of 1 :50,000 or 1 :25,000 scale. To ob- 
tain greater detail, recent aerial photos of the 
targ’et area or landing zone should be studied 
to detect terrain changes since the time of 
mapping. A strip map prepared during preflight 
planning will enhance in-flight pilotage. 

b. Routes. During the conduct of tactical op- 
erations, low-level flight routes are selected 
which afford cover and concealment from visual 
and electronic detection to exploit surprise to 
the fullest. 

(1) Route selection. Flight planning 
should take advantage of directional 
characteristics of natural or cultural 
features which will simplify naviga- 
tion, Rather than planning long 
straight legs, slight deviations in the 
route may offer a better selection of 
navigation checkpoints. Roads, rail- 
roads, power transmission lines, 
canals, stream beds, and natural cor- 
ridors are excellent for navigation; 
however, in steep, narrow valleys, 
enemy cables or other obstacles may be 
encountered. Turning points should be 
close to terrain features which can be 
identified at maximum range. Air 
control points (AGP), which are 
points of positive control and coordi- 
nation between air and ground ele- 
ments, are excellent choices for turn- 
ing points. In operations employing 
formations of appreciable size, turns 
must be started prior to reaching 
checkpoints to insure departure on de- 
sired course after completion of the 
turn. The radius of the turn will vary 
with the type aircraft and size of for- 
mation Involved. To insure adequate 
en route positioning, turns should be 
plotted in the flight planning. When 
formations are employed, turns may 
extend ETE’s to the next checkpoint. 


(2) Route detours. Deviations from a se- 
lected route may be necessary to avoid 
air-defended areas, cities and towns, 
or short sections of a route overly 
exposed to enemy observation. Route 
deviation can be effected by using an 
off-course checkpoint as a link between 
the usable portions of the route. If a 
checkpoint is not available, a geo- 
metrical pattern should be flown to 
insure return to the original course 
at the proper point (flg. 4-8). 

c. Altitude. When selecting a flight altitude, 
particular attention must be given to terrain 
elevation, both along the intended fiightpath 
and adjacent to it. The highest terrain feature, 
as well as abrupt or irregular changes in ter- 
rain elevation along the route, must be noted to 
insure clearance, particularly in the event of 
unfoi'eseen weather. The selected altitude should 
also provide concealment from visual and elec- 
tronic detection, 

d. Checkpoints. Checkpoints should be se- 
lected not more than 6 minutes apart along the 
route. A 2-minute interval is recommended ; 
however, this will vary with the specific mis- 
sion, the speed of the aircraft, and the num- 
ber of available checkpoints. Due to the per- 
spective presented at low levels, checkpoints are 
divided into two general categories, which may 
overlap according’ to the terrain flown. 

(1) Distant. Distant checkpoints keep the 
aviator oriented and offer a general 
course to follow. Both natural and 
manmade terrain features which stand 
out above the horizon and have dis- 
tinctive profiles can be readily identi- 
fied at long distances and will remain 
in view a relatively long period of 
time. Examples are — 

Prominent mountains and hill- 
tops. 

Passes and cuts through high ter- 
rain. 

Lakes. 

Water and communication towers. 

Gap in the tree line in forested 
areas. 

+-9 
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rowerlme and pipeline rights-of- 
way. 

(2) Near. Some checkpoints must be se- 

S? ‘S intended 

flightpath in order to obtain time/ 
distance factors along a given course. 
These checkpoints are essential in ob- 
tamms accurate data on eroundspeed 

Sul T'*" f ^ 

buch points include — 

Railroad and highway bridges. 
Junctions, crossings, and proml- 
nent curves and turns in rail- 
roads and highways. 

Stream junctions and other prom- 
inent configurations. 

Lakes and ponds. 

Churches and schools. 

Various patterns formed by the 
combination of timbered and 
adjacent cleared lands 

usually 

an be detected m vegetation when ap- 
proached at a shallow angle; however 

Perpendiculai- 
may make them difficult to see due to 
the masking effect of vegetation 


4 - 13 . Flight Plan Graph 

Adherence to preplanned routes, and ac- 
curacy in estimated times of arrival for rendez- 
vous, turning points, and initial points are of 
paramount importance to successful low-Ieve! 

culties the principal diffl- 

culties of low-level navigation is the physical 

a ordinary navigational tools, 

a flight plan graph (FPG) will reduce the de- 
mand upon time and effort without sacrificing 
accuracy and reliability. 

9) IS a device for monitoring flight progress 

ctriwingT”' the necessity for 

cariymg an excessive number of maps or draw 

2 ™necem.y line, and nptea on kLlr; 

ninn nb during: the mission plan- 

I / P'®" s«Pl> con- 

sists of a line representing the flight plan time 
rom departure to destination or turning point 
and roughly parallels the true coursf o? the 
flight. Predicted times to various points 1l4g 

d«tina«„rt"-^' »”fl 

Ss tip fl- this time scale, 

hus, the flight plan graph represents a visual 
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DESTINATION 



Figure Flight plan graph. 

time line comparable to the predicted track. 
Using the time line, the predicted estimated 
time of arrival to any point on the predicted 
track can be determined at any time without 
computation. Comparison with a fix, checkpoint, 
or obstacle gives the aviator or observer an in- 
dication of the time he is ahead or behind his 
flight plan. In addition, this time difFei*ence can 
be applied to destination and/or intermediate 
checkpoints to maintain accurate running esti- 
mated times of arrival for these positions. 

h. Preparation, The flight plan graph can be 
prepared as follows : 

'll) Draw a line to represent the true 
course. This line should be drawn 
parallel to the long axis of the paper. 

(2) On the true coui’se line, using a suit- 
table scale, indicate departure and 
destination points. All time intervals 


are evenly spaced since gi’oundspeed 
is held constant, 

(3) Using conventional signs and symbols, 
indicate, at properly scaled times, the 
checkpoints, fixes, and terrain ob- 
stacles along and adjacent to the route 
of flight. 

(4) With lines perpendicular to the true 
course and flight plan graph lines, con- 
nect checkpoints, fixes, and obstacles 
to the flight plan graph line. 

(6) Label obstructions, checkpoints, and 
fixes, as deemed necessary, along with 
their elevations if known. 

(6) Using a computer, and based on pre- 
calculated groundspeed, compute the 
time to each checkpoint, fix, or ob- 
stacle, recording this time outside the 
flight plan graph line where it inter- 
sects with the line drawn from the 
checkpoint, fix, or obstacle. 

(7) If the route to be flown has several 
legs, this same procedure can be car- 
ried out for each leg. 

4—14. Radio Navigation 

The same principles of radio navigation 
found elsewhere in this manual apply to low- 
level navigation. The capabilities of naviga- 
tional aids such as VOR, LF/MF radio beacons, 
and FM homers are greatly reduced at low 
altitudes, particularly in mountainous terrain; 
but these aids should be used when possible. 
Use of navigational aids for some portion of a 
low-level flight should be considered during 
preflight planning, As an example, ADF or FM 
homers might be used from a departure air- 
field or a loading zone to an intermediate check- 
point on outbound flights, and again for return 
flight to the base of operations. During airmo- 
bile operations, radio aids may also be em- 
ployed by pathfinders as navigation aids from 
release points or other predetermined points 
to the objective area or landing zone; however, 
enemy capabilities of duplicating radio signals 
and establishing false stations must be con- 
sidered. 
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4-15. Weather 

During a tactical situation in which the 
security and success of the mission demand low- 
level flight, weather considerations increase in 
importance. For additional information con- 
cerning weather and its effects, see TM 1-300. 

a. Visibility. Visibility is the primary 
weather factor m low-level navigation. During 
periods of restricted visibility, distant check- 
points essential to orientation and course selec- 
tion become vague or obliterated, often limit- 
ing observation to the ground directly beneath 
periods of reduced visi- 

b. Winds. In the conduct of low-level flight 

S'wfnTf 

Winds atTn higher altitudes. 

Winds at low levels, as well as those at higher 

vels, are subject to unexpected changes 
Should in-flight observations indicate changed 
wind conditions, corrections should be calcu 
lated as quickly as possible. 

(1) One advantage of low-level flight is 
the visual indication of surface wind 
from smoke, dust, etc. Because the air- 
craft IS operating close to the surface 
It usually will be in the same wind 
conditions. This allows direct reading 
of the wind direction rather than by 
computation as at higher altitudes. 

(2) The combination of wind and certain 
types of terrain may produce turbu- 
lence intense enough to be a hazard to 
light aircraft. In rugged terrain, aver- 
age or spot wind measurements fre- , 
quently are nonrepresentative and i 

should be used with caution. Under ] 
ceitain wind conditions, routes 1 

through such areas as deep valleys 1 
Jorges, and mountain passes may 

--- ^ 

c. Temperature. Temperature (as well as « 
humidity or dewpoint) and its influence on 
density altitude and icing conditions must al- n 


ways be considered in low-level navigation. The 
g margin of safety and room for maneuvering to 
overcome the hazards of high density altitude or 
1 icing conditions decrease as the flight level 
owers Density altitude is more important 
when flying at low altitudes, particularly in 
areas where turbulence and downdrafts may 
be encountered. Low-level flights on hot days 
may also increase pilot fatigue due to increased 
coccpit temperatures. Areas with predicted or 
suspected icing conditions should be avoided, 

4-7 6. Low-Levef Navigation at Night 

attempting low-level 
flight at night depends on the geographical area, 
available natural light, and the weather. The 

factor of low-level navigation 
at night IS the increased danger of collision 
manmade objects, A chart 
hould be maintained listing the heights of all 
known and suspected obstructions. In areas 
where low-level navigation at night may be 
necessary, as in a combat zone, there would be 
a serious lack of obstruction lights. Many cul- 
tuiml features do not appear the same at night 
as urmg the day ; however, rivers, lakes, coast | 
nes, and most manmade objects with di.stmc- ' 
tive outlines are good checkpoints at night. 

6. When flying in mountainous terrain, the 
aviator must realize that the actual horizon is 

nP mountains. The summit 

of peaks used as a horizon would place the air- 
craft in an attitude of constant climb. To pre- 

of attention, and loss 
of night vision, cockpit lights should be used 
only when necessary. When possible, a copilot 
or observer should make any i„-flight com- 

monitoring 

flight and engine instruments. Aviators should 

bL^r? low-level operations 

efore attempting extensive low-level naviga- 

® ^’easonable degree of safety 

S conducted 

ght using the same navigational procecl- 

ures as in daylight operations. 

0- For additional information concerning 
navigation at night, see FM 1-100. 
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CHAPTER 5 

PLOTTING AND MEASURING 


5-1. General 

Plotting ia the establishment of points and 
lines on a chart with reference to meridians 
and parallels. Measuring, as used in this chap- 
ter, refers to the measurement of distance and 
direction on a chart. The chart serves as a 
record of the flight and provides information 
necessary for the successful completion of the 
flight. Chart work is a fundamental navigation 
skill and must be accurate. 

5- 2. Plotting Tools 

а. Pencil and Eraser, Use a sharp, soft lead 
pencil and a soft eraser. The pencil makes a 
fine black line which ia easy to see and makes 
chart work more precise; the eraser will not 
damage the chart. 

б. Dividers. Use dividers to step off dis- 
tances on a chart. The dividers should have 
their points separated to the desired distance 
as determined from the proper chart scale 
{latitude or graphic) . The distance scale is 
thereby transferred to the working area of the 
chart and lines of desired length can be prop- 
erly marked off. By reversing the process, un- 
known distances on the chart can be spanned 
with the dividers and compared with the chart 
scale. Manipulate the dividers with one hand, 
leaving the other free to move the plotter, 
pencil, or chart as necessary. While measure- 
ment is being made, the chart must be flat and 
smooth between the dividers. A wrinkle may 
cause an error of several miles, 

c. Plotters. A plotter is an instrument de- 
signed primarily to aid in drawing and meas- 
uring lines. The Mark II Weems plotter (par. 

6- 3) is the type commonly used by the Army 
aviator, 
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5- 3, Description of the Mark il Weems 

Plotter 

a. General. The Mark II Weems plotter (fig. 

6- 1) is made of transparent plastic and has 
lines and scales printed in black. The rectangu- 
lar part of the plotter has a straightedge for 
drawing lines, and scales for measuring dis- 
tances. The semicircular part of the plotter has 
two circular scales for measuring direction. 

b. Rectangular Part. Midway between the 
edges of the rectangular part of the plotter is 
an inch scale. Along each edge is a scale for 
measuring statute miles on a WAG chart (scale 
1:1,000,000). Between this scale and the inch 
scale is another scale for measuring statute 
miles on a sectional chart (scale 1:600,000). 
The rectangular part of the plotter has several 
lines parallel with the straightedge for assist- 
ance in alining the straightedge parallel to a 
plotted course line. 

Note. Some plotters are scaled for measuring nau- 
tical miles. 

e. Circrilar Scales. The circular scales are 
calibrated in degrees. The outer scale, reading 
from 0° to 180“ (right to left), is for direc- 
tion in the first and second chart quadrants 
(north through east to south, fig. 6-2). Since 
these directions are to the right on the chart, 
the outer scale has an arrow pointing to the 
right. The inner scale, reading from 180“ to 
360“ (right to left), is for directions in the 
third and fourth quadrants (fig. 6-3). The cen- 
ter of curvature of both scales is marked by a 
small hole. 

5-4. Technique for Using the Mark II Weems 
Plotter 

a. Measuring a Course. To measure a course 
(fig. 6-4), place the center hole on a meridian 
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Figure 5-1. Mark II Weems plotter. 



Figure 5-S. Measuring eourse in the first and second 
quadrants. 


approximately midway along the plotted com 
line, and place the straightedge parallel w 
the course line. If the chart meridians do r 
intersect the course line, extend the line a 
move the straightedge of the plotter parallel 
the course line until the center hole lies over 
meridiam (fig. 5_6). Figure 5-4 shows t 
method of reading direction. Observe the smj 
arrows on the circular scale to determine co 
wet direction. Read the scale on which the smj 
black arrow points in the direction of tl 
course, and always read "up” the scale fro 
the smaller values toward the larger value 

II with thl' fin construction to the Mai 

fn!. 1*" following exceptions: The outer scales ai 
for measuring nautical miles (nm) on a WAC cLrl 
fjacen inner scales are for measuring statut 


Figure 5-3. MeasuHng course in the third and fourth 
quadrants. 



tho^ Pfl chart; the scale midway between 
thTi. f measuring statute miles on a sec- 

nemX^l .i ® aid when measuring courses that are 
neaily north oi« south, 


b.Drmving Coxirse Line From a Known Point. 
10 draw a given course line from a known 
point, place the point-end of a pencil at the 
known point. While the plotter is being pushed 
and pivoted against the pencil, the straight- 
edge will remain on the known point while the 
center hole and the scale reading are being 
a ined with a meridian. The pencil will be in 
place for drawing the course line when the 
plotter has been properly alined with a rrieri- 
<3ian (fig. 6-6). 


0 . Measunng and Drawing Courses Nectr o" 
or 180°. In drawing a course line that is nearly 
north or south, it may be difficult to use the 
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Figure 5-5, Moving plotter to u meridian. 

plotter in the usual manner, Courses near 0° 
and 180“ can be read with sufficient accuracy 
by reading the scale against a parallel and' 
adding or subtracting 90“. Estimating direction 
will determine whether 90“ is to be added or 


Figure 6-6, Drawing u course line froyii u known point, 

subtracted from the scale reading (fig. 6-7). 
(The new Mark II plotter has a special scale 
for measuring courses near north and south 
(see note in a above and fig. 6-8) .) 
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CHAPTER 6 

INSTRUMENTS USED FOR DEAD RECKONING NAVIGATION 


6-1. IntroducHon 

a. Dead reckoning is the method for deter- 
mining position by means of a heading indicator 
and calculations based on speed, time elapsed, 
wind effect, and direction flown from a known 
position. 

b. The instruments used by the pilot-navi- 
gator for dead reckoning navigation include the 
outside air temperature gage, airspeed indi- 
cator, altimeter, clock, and one or both of the 
following compass systems : 

(1) Magnetic compass system (par. 6-2). 

(2) Slaved gyro system (TM 1-216). 

c. These instruments provide information 
concerning direction, airspeed, altitude, and 
time, each of which must be correctly inter- 
preted for successful navigation. Information 
on the instruments discussed in this chapter is 
general in nature. For complete description, 
theory, and operation of these instruments, 
see TM 1-216 and appropriate aircraft oper- 
ator’s manuals. 



Figure 0-1, Magnetic compass. 


6-2. Magnetic Compass 

a, Ge?tera?. The magnetic compass (fig. 6-1) 
is a direction seeking instrument with a rotat- 
ing compass card marked at 6° increments num- 
bered 80° apart. A fixed line called the lubber 
line is located on the window of the compass 
! case and is a reference line for reading the 
; compass. The reading on the compass card 
under the lubber 'line indicates the compass 
heading of the aircraft. The magnetic compass 
has certain inherent errors caused by varia- 
I tion, deviation, and other magnetic and ex- 
j ternal physical forces (explained in TM 1- 
! 216) that affect compass movement when the 

I aircraft deviates from a straight and level 
i fiightpath. Therefore, the magnetic compass 


GEOGRAPHICAL NORTH POLE 



aavnlS 


Figure 6-2, Magnetic variation. 
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> r?c variation in the United States 

iJiWO). 


' M-Miiy uri^Ml in conjunction with a gyro 

■>^-hr.g ir5«iH*atar (par. 6-3). 

tie Vttriation. Navigation charts 
> .«)iy i.nented in geographical true direc- 


hno oil a cliart connecting all poi„tg , 
<u,nal nuvgriotic variation. These line 
arn drawn at various intervals as de 

terniinodby tho chart size. Each line t 

labeled according to the number of 
degrees variation east or we.st of tru 
north. Referring to figure elg, in the 
northeaalorii .section of United States 
the magnetic compass points west of 
true north (variation is westerly) ■ in 
aouthorn aiul we.stern United States 
the magnetic compass points east of 
true north (variation is easterly) 
Minor beiuts and turn.s in the isogonic 
lines are caii.scd chiefly by local mag- 
netic forces. A true cour.se corrected 
for total magnetic variation becomes a 
magnetic eour.se. 

Nniv. Vnriuli,,,, is called docliimtion in 
muny tox-tboe is. The two terms are synon- 
yniouH iin an rial nuvi(jntion. 






a?j»phkid pcde.s. However, the magnetic con 
dtriies jts directional qualities from tt 
• i,>r ^’wmpass card) alining itself wit 
'Sfm ti'vn of the earth's magnetic field. Th 
ihswfore points to the magnetic Nort 
t' influencetl by large mineral d« 

*! « jitvii she surface below the aircraf 
- at ^«ir,us!i.>ns). The angular difference be 
; Tra.> nr.rth and magnetic north is calle< 
ranation or simply vanation. Th- 
-_.n t t ;ne magnetic North Pole changei 
.v«- but in 1960 was located at approx! 

- 1 w aTa pSio't'ia^ 

.. '“"-Mon 

Afei charts by agonic 


"It ’ 

® (fig. 6-3), ' ft IS labek 




^ c. Maonetie. DevkUion. A magnetic compass 
IS also affeclcd by magnetic fields other than 
those of the earth. Any piece of ferrous ma- 
terial or electrical oquipment close to the com- 
pass tenets to deflect the needle away from mag- 
netic north. This angular deflection of the 
compass needle caused by magnetic attractions 
in the aircraft itself (metal parts, ignition sys- 
tern electric lights, tools and cargo, etc.) is 
called magnetic deviation. Deviation may 
change with each change of aircraft heading; 
vanation change.s only with changes of locality. 
It the compass needle deflects to the east, devia- 
lon is east; if to the west, deviation is west. 
A magnetic course corrected for deviation be- 
comes a compass course, 

(1) Compass north. The direction in which 
the compass needle points is called 
compass north. Compass directions 
rnay be expressed relative to compass 
north just as true or magnetic direc- 

lons are expressed relative to true or 
magnetic north. 

(2) Deviation card, A deviation card (fig. 
6-4) records the deviation errors in 
the compass indications. The card is 
mounted next to the compass and in- 
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Figure 0-i, Deviation e,ard. 


eludes the aircraft number, date on 
which the compass was swung (see 
below), and a compass heading to be 
flown for each magnetic heading in 
inci’ements of 16°. 

Note. A compass is swung periodically by 
placing the longiUuliiuil axis of the aircraft 
over surveyed, prodcsignated cardinal points 
with engine running and electrical equip- 
ment turned on. The compass is then ad- 
justed inociianically to reduce or eliminate 
deviation errors. Any compass deviation 
which cannot bo mechanically compensated 
is recorded for specific aircraft iicadings. 

< Avplying Compass Corrections. 

(1) System for applying compass correc- 
tions. To find what the compass should 
read in order to follow a given course, 
it is corrected for drift, variation, and 
deviation. When drift correction (par. 
7-3) is applied to a true course (TC 
±: DC = TH) , it becomes a true head- 


ing. A good method for recording ap- 
plication of variation and deviation is 
as follows: 

(a) Write the following equations; 

TH ± V = MH 

MH ± D = CH 

TH is true heading; V, variation; 
MH, magnetic heading; D, devia- 
tion ; and CH, compass heading. 

(b) Below each factor, place the known 
information. 

TH ± V = MH 

168° 13°E 

MH ± D = CH 
6°W 

(c) When making calculations from a 
true heading to a compass heading, 
easterly error is subti’acted ; wester- 
ly en*or is added. Completing the 
problem, subtraction of the 12°E 
(variation) from the TH (168°) 
gives a magnetic heading (MH) of 
166°. Place this figure under both 
of the MH's. Adding the 6°W (de- 
viation) to the MH (166°) gives a 
compass heading (CH) of 161°. 
Place the compass heading under 
CH. 

(2) Reversing the equation. To find the 
true heading when the compass head- 
ing is known, the same equation is 
written as in the above problem. 
Placing the known information in the 
proper places, it would appear as fol- 
lows: 

TH ± V = MH 
12°E 

MH ± D == CH 
5°W 161° 

(ft) When changing from a compass to 
a true heading, easterly error is 
added; westerly error is subtracted. 
This is the reverse of changing from 
TH to CH. 

(b) Subtract the 5°W from the CH 
(161°). Place this figure (156°) 
below the MH’s. 
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?r> .Vi(i the 12 -E to the MH (156°) to 
the TH (168°). Place this 
tiv'ijre helovv the TH. 

Heocfing fncficator (Directional Gyro) 

^ - '.•a'liriy indicatoi* as.sist,s in making’ 

‘ rr-v-etermined headings and aids in 
' .rg & de.^ired heading. It is not a di- 
in-rtrument and must be ad- 
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with the magnetic heading of 
fx-n ftrvauHe of in.strijment precession 
. remain rigid in .space) (TM 1-215) 
r-. to re.set the heading indicator 

» rnmutes. Prece.ssion should not 
-in h) minute,'?. 


^ 4 Airspeed Indieofor 


M,h: 


^ 'S'rf ''"•“‘foM 

— . *-s ^nd in.strurnent system eri-ov« 
indicator does not necesTarn^i^: 


dicate the true airMixMid of the ,, 
airspeed (TAS) is tlie aiieOil of the 
through the air). The nnuliiig on 111601 '*^"*'^ 
indicator is called indmUed airspeed, nif 
Since airspeed calibration nird.s ai’c not - 
in the Army aircraft, iiidicatod airsneed?! 
calibrated airspeed. (CAS) are synonomoa ! 
the aviator. To (ind true airspeed coitpc 
must be made to the imlii-ated airape , 5“' 
temperature and pressure allitudo. 

b. Changinff Indicated Airspeed to 7 
Ah-speed. A ‘'rule of thumb” for cab,l2 
tiue airspeed is too add 2 poi’cont of the y,' 
cated airspeed .for each 1,000 feet of ahitj 
This rule of thumb may be used whore infe 
mation necessary for use of other systel 
IS not available. Temperature and altitude cor 
lections are calculated by use of the airsDeoi 

3“(par8!;6?'' 
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CHAPTER 7 

WIND AND ITS EFFECTS 


7_1. Wind Direction and Speed 

Wind direction ivS the direction from which 
the wind blows; e.g.. and wind blowing from 
the northwest is a northwest wind. Windsveed 
is the rate of wind motion without regard to 
direction. In the United States, windspeed is 
usually expressed in knots. Wind velocity 
(W/V) includes both direction and speed of 
the wind. For example, a west wind of 2B knots 
is recorded as W/V 270®/26 knots. “Down- 
wind" is movement with the wind ; “upwind” 
is movement against the wind. 

7-2. Effect of Wind 

a. General Moving air exerts a force in the 
direction of its motion on any object within it. 
Objects that are free to move in air will move 


in a downwind direction at the speed of the 
wind. An aircraft will move with the wind as 
does the balloon shown in figure 7-1. In addi- 
tion to its forward movement through the air, 
if an aircraft is flying in a 20-knot wind, it 
will move 20 nautical miles downwind in 1 hour. 
The path of the aircraft over the earth is de- 
termined by the motion of the aircraft through 
the air and the motion of the air over the 
earth’s surface. The direction and movement of 
an airplane through the air is governed by the 
direction in which the nose of the airplane is 
pointed and by the speed of the aircraft (fig. 
7-2). 

b. Drift. The sideward displacement of the 
aircraft caused by the wind is called drift (fig. 
7-3) . Drift is measured by the angle between 
the heading (direction in which the nose is 
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Fifftirc 7~S. Dnft. 


270720 knots causes right dx’ift on a heading 
of 07 on a heading: of 180“, it causes left drift. 
On the headings of 090° and 270°, there is no 
drift. On a heading of 090, the airplane, aided 
by a tailwind, travels farther in 1 hour than it 
would with no wind ; thus, its groundspeed is 
increased by the wind. On the heading of 270°, 
the headwind reduces the groundspeed. On a 
heading of 0° and 180°, the groundspeed effect 
is usually complicated by the drift correction 
applied. 

7-3. Drift Correction 

Drift correction must be applied to a course 
to determine the heading. The amount of drift 
correction must be just enough to compensate 
for the amount of drift on a given heading. 
The drift correction angle (DGA) (sometimes 



Figure 7-i, Effects of a given wind on traek 
and groundspeed with aircraft flying on 
different headings. 

called crab angle) is equal to, but in the oppo- 
site direction from, the drift angle (DA) . If an 
aviator attempts to fly to a destination due 
north of his point of departure on a heading of 
0°, and a west wind is blowing, he will ai'rive 
somewhere east of his destination because of 
right drift ( (A) , fig. 7-5) . To correct for right 
drift so that the aircraft will remain on course 
and arrive at the desired destination, the nose 
will have to be pointed to the left of the course, 
or upwind ((B), flg. 7-5) . 

7-4. Summary of Drift and Drift Correction 

a. Wind from the right causes drift to the 
left. 

b. Wind from the left causes drift to the 
right. 

0 . If heading is greater than track or course, 
drift is to the left, 

d. If heading is less than track or course, 
drift is to the right. 

e. If drift is to the right, drift correction is 
to the left, 

f. If drift is to the left, drift correction is to 
the right. 

g. Drift is always downwind. 

h. Drift correction is always upwind. 
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TIME=.1HR;THEREF0RE, GS = 70 KT 


TAS 100 KT 



WIND 30 KT 


i t 

X ^ — 70 NAUT Ml ^ Y 


INBOUND COURSE 



GS = 130 KT; THEREFORE, TIME = 32 MIN 


Figure T-6, Average groundspeed, 


aavn474 


Speed (TAS). If the airei'aft is moving against the wind (tailwind), the groundspeed is equal 
the wind (headwind), the groundspeed is equal to the sum of the true airspeed and the wind- 
to the diiference between the true airspeed and speed. If the aircraft is moving at an angle to 
the windspeed. If the aircraft is moving with the wind, the groundspeed may be any speed 
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CHAPTER 8 

THE DEAD RECKONING (DR) COMPUTER 


Section I. GENERAL 


8-1. Construction and Purpose 

A dead reckoning computer is a combination 
of two devices, one a specially designed instru- 
ment for solving wind triangles and the other 
a circular slide rule for solving mathematical 
problems. 


8-2. The MB-4A DR Computer 

Many different types of dead reckoning 
navigation computers exist, but the construc- 
tion and design features of the major types 
are very similar. For illustrative purposes, the 
standard Army DR computer, type MB-4A, is 
used throughout this chapter. 


Section II. THE SLIDE RULE FACE 


8-3. The Slide Rule 

a. Scales. The slide rule of the MB-4A com- 
puter consists of two circular scales. The outer 
scale is stationary and is called the MILES 
scale. The inner scale rotates and is called the 
MINUTES scale. 

b. Scale Values. The numbers on any com- 
puter scales, as on most slide rules, represent 
multiples of 10 of the values shown. For ex- 
ample, the number 24 on either scale (outer 
or inner) may represent 0.24, 2.4, 24, 240, or 
2,400. On the inner scale, minutes may be con- 
verted to hours by reference to the adjacent 
hour scale. For example, 4 hours is found in 
figure 8-1 adjacent to 24, in this case meaning 
240 minutes. Relative values should be kept in 
mind when reading the computer. For ex- 
ample, the numbers 21 and 22 on either scale 
are separated by five spaces, each space repre- 
senting two units. The second division past 21 
would be read as 21.4, 2,140, etc. Spacing of 
these divisions should be studied, as the break- 
down of dividing lines may be into units of 1, 
2, 6, or 10. 

<» 

c. Indexes. Three of the indexes on the outer 
stationary scale are used for converting statute 
miles, nautical miles, and kilometers. These in- 
dexes are appropriately labeled "Naut” at 66, 
“Stat” at 76, and “Kra’' at 122. On the inner 


rotating scale are two rate indexes. The large 
black arrow at 60 (called the SPEED index) 
is the hour index, and the small arrow at 86 is 
the second (“Sec”) index (8,600 seconds equal 
1 hour) . The “Stat” index on the inner scale is 
used in mileage conversion. Each scale has a 
“10” index used as a reference mark for multi- 
plication and division. The application of these 


10 INDEXES 
(REFERENCE 



KILOMETER 

INDEX 


Figure 8-1 > Slide nde face. 
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scales in solving oominitor problems i, n i 
trated in the specific problems tbfjt fgjijJ "■' 

8—4. Distance Conversion 

a. Problem. How many statute miu 
90 nautical miles ? How many Icilometwa 
90 nautical miles? 

b. Solution. Using tlie DR eomDulp, .,/ 

to figure 8-2 and solve as follows : ’ * 
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numbers, one on the stationary scale and one 
on the movable scale, will hold ti’ue for all 
other numbers on the two scales. For example, 
if the two 10 indexes are placed opposite each 
other {flg. 8-4), all other numbers around the 
entire circle will be identical. If 20 on the inner 
scale is placed opposite the 10 index on the 
outer scale, all numbers on the inner scale will 
be double those on the outer scale. If 12 on the 
outer scale la placed opposite 16 on the inner 
scale, all numbers will be in a 3 to 4 (%) re- 
lationship. This scale design enables the avia- 
tor to find the fourth term of any mathematical 
proportion when three of the values are known. 

8-6. Time-Distance 

Time-distance problems are worked on the 
inner (MINUTES) scale and the outer 
(MILES) scale. 

a. Problem. If 60 minutes are required to 
travel 120 nautical miles, how many minutes 
are required to travel 86 nautical miles at the 
same rate? 

b. Solution, Using the DR computer, refer 
to figure 8-5 and solve as follows : 



Figure 8-5, Time and distatico. 

AGO su?A 


(1) Set 50 (inner scale) under 120 (outer 
scale). 

(2) Under 86 (outer scale), read 36 (in- 
ner scale) minutes required. 

8-7. Determining Groundspeed 

Groundspeed equals distance divided by time. 

a. Problem, What is the groundspeed if it 
takes 35 minutes to fly 80 nautical miles? 

b. Solution. Using the DR computer, refer to 
figure 8-6 and solve as follows; 

(1) Set 35 (inner scale) opposite 80 
(outer scale). 

(2) Over 60 index read groundspeed (137 
knots). 

8-8. Determining Time Required 

Time equals distance divided by gi’oundspeed. 

a. Problem, How much time is required to 
fly 333 nautical miles at a groundspeed of 174 
knots ? 

b. Solution. Using the DR computer, refer to 
figure 8-7 and solve as follows ; 

(1) Set rate or 60 index on 174 (outer 
scale). 



Figure 8-6. Determining groundspeed. 
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Fi'gure/8^8. Detei'mining distance. 


(2) Under 333 (outer scale) read 115 j 
minutes (inner scale) 1 -}- 55 (hours ^ 
scale). 

8-9. Determining Distance 

Distance equals groundspeed multiplied by 
time. 

a. Problem. How far does an aircraft travel 
in 2 hours, 16 minutes at a groundspeed of 138 
knots? 

b. Solution. Using the DR computer, refer to 
figure 8-8 and solve as follows: 

(1) Set 60 index at 138 (outer scale). 

(2) Over 136 (inner scale) or 2 hours, 16 
minutes (hours scale), read 310 nan- 
tical miles (outer scale). 

8-10. Use of the 36 Index 

The number 36 on the inner scale is u.sed in 
solving rate-time-distance problems in in- 
strument flight when time must be calculated in 
seconds and minutes instead of minutes and 
hours. For example, determine the time re- 
quired to fly from the outer marker to the 
middle marker or from the middle marker (ch. 
15) to the point of touchdown during: mi in- 
strument approach. 

a. Formula. Problems where seconds must 
be used as a unit of time may be solved by the 
formula 

GS Distance 
36 Seconds 

in which GS is the groundspeed ; 36 represents 
the number of seconds in 1 hour (3,600) ; dis- 
tance is the number of miles or decimal parts of 
miles to be flown; and seconds is the time re- 
quired to fly that distance. 

b. Problems involving less than 60 seconds, 

(1) Problem. What is the time i*equiro(l 
from the middle marker to the point 
of touchdown if the groundspeed ia 
100 knots and the distance between 
these points is 0.6 nautical miles 1 

(2) Solution. Set 36 (inner scale) undei 

the groundspeed of 100 knots (10 or 
the outer scale). Under 60 (0.5 naa 
tical miles) on the outer scale, roac 
18 seconds on the inner scale (fig 
8-9). ! 
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Figure 8-9. Rate-Ume-dieUmeo proldems using 



Figure 8-10, Jiate-timc-distance problems using 
8econd.s, 


c. Problems involving more than 60 seconds. 

(1) Problem. What is the time required to 
fly from the outer marker to the 
middle marker if the groundspeed is 
95 knots and the distance between the 
two points is 5 nautical miles? 

(2) Solution. Set 36 (inner scale) under 
the groundspeed of 95 knots (95 on 
the outer scale). Under 50 (5 nautical 
miles) on the outer .scale, read 19 
(190 seconds), or 3 minutes, 10 sec- 
onds on the inner scale (fig. 8-10) . 

Note. When using the minutes scale as a second 
scale, the hour scale becomes a minute scale. 

8-1 1 . Determining Gallons or Pounds Used 
in a Given Time 

Place the 60 index under rate (gph) and 
read gallons used over the given time. To con- 
vert gallons to pounds or pounds to gallons, 
the following conversion factors are used in 
simple proportion (par. 8-5) : 

a. Gasoline. 6.0 ;1. 

b. JP-U Fuel. 6.5:1. 


8-12. Determining Rate of Fuel 
Consumption 

Rate of fuel consumption equals gallons of 
fuel consumed divided by time. 

a. Problem. What is the rate of fuel con- 
sumption if 30 gallons of fuel are consumed 
in 111 minutes (1 hour and 51 minutes)? 

b. Solution. Using the DR computer, refer to 
figure 8-11 and solve as follows: 

(1) Set 111 (inner scale) under 30 on 
outer scale (in this case, outer scale 
is used to represent gallons). 

(2) Opposite the 60 index, read 16.2 gal- 
lons per hour (gph). 


3-13. Fuel Consumption 

Use same scales as used with the time-dia- 
tance problems discussed in paragrap ^ ^ ^ 
solve the following fuel consumption problena : 

a. Problem. Forty gallons of fuel have been 
consumed in 185 minutes (2 hours and 15 
minutes) flying time. How 




8-5 
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scale). 
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8-14. Fuel Consumption (Dislanco Vli 
Time) ' 

Aircraft performaiu-tj da (a (iliaila m 
determininir maximum llylufr nijitio Hom! 
base fuel consumption rn((‘S on iiimiicai 
flown per pound or i 4 nl]nii of iuid eonj 
The aviator often desires to (Mniipuii. 
flying range based on find (s.ii.siiinptio, 
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sjon is accomplished ns follow.s; 

a. Formula. The relatimiMjiip l,(,|,woon i 
cal miles per pound and jiomidN por liour 
pressed as — 
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Fiaure 8-lS. Converting nautical miles per pound 
" to pounds per hour, 

tude are known or vice versa. To change froin 
one to the other, it is necessary to correct lor 
altitude and temperature differences existing 
from those that are standard at sea 
air temperature is read Irom a free an 
thermom^eter and the pressure altiUide is found 
by setting the altimeter at 29.92” Hg and lea - 
ing the altimeter directly. 

а. Prow™.. The indicatetl 

ifnnK free air temperature is — 15 C. and tne 
p”lm-e altitude i« 8,000 feet. What ie the tme 

airspeed 7 

б. Somirn. Uslns the DB computet, refer to 
ligute 8-14 and solve as follows: 

(1) Set 8,000 against —16 C. m tne 
speed computation window. 

(21 Over 125 knots (inner scale), lea 
?rue airspeed 18Y Icnots (out,r sca^) . 

Note, In solving for IAS 
known, locate TAS on outer scale and 
answer (IAS) on inner scale. 

8 - 16 , Density Altitude . 

jDertsftl/ n es 


Figure 8-H* Airspeed co?npntatioTi. 

ard atmosphere at which a given air density 

exists. Because of variations of temperature 

and pressure, the density of the air on a given 

day at any given pressure altitude may be that 

deLity found several thousand feet higher oi 

frer in tie standard atmosphere, Such coud,- 

tions can be critical in aircraft operations, espe- 

the operation of helicopters. To cojm 

note density altitude, rotate the movable scal« 

of the MB-4 so that the free air temperature is 

t aL“ the Pteeaure aWtude in the window 

labeled FOR AIRSPEED AND DENbli r 

altitude computations. When set in 

, . ilv tbP density altitude is read above 
this manner, the aensiuy nT^MciTTY 

IL minter in the window labeled DENSUi 

nS to usin7;«.tT«. 

Si re" - " 

IlUmeter when the altimeter setting is 29.92. 

8-17. Altitude Compu 

The window marked 
PUTATIONS provi'^' 
corrected altitude 
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Fiffiu'c xH-lSi Altitude computation, 

from standard temperature to indicated (or 
calibrated) altitude. ^ 

fo l The- pressure altitude is 9 000 

f e indicated altitude is 9.100 feet, and tSe 
fic-e ail temperature is —15° C What is th^ 
corrected altitude? 

y™.' ™ ““Puto. refer to 

kure 8-15 and solve as follows; 

(1) Set 9,000 against — 15 ° c in th<» aifi 
«u.Ie computation window 

cated altitude (inner scale), read cor 
rected altitude 8,700 on the outer scde' 
(corrected attitude) ^ 


as 1.5 miles o/f eour.so in 90 miles, 
course in 120 miles, or 2.5 miles el! coiirj 
150 mile.s, a correction of 1" will be I'cquirj 
parallel the intended eour.so. 'I'o cotivcigi 
de.stination, an extra (iorrection niii.stl)ei| 
based on the .same rule of GO. 

a. Formulae. The degrees tuirreclioii 
quired to converge at de.stination i.s (lelerni 
by adding the re.su]t.s of the followini,' foi 
las: Correction to pfiralloJ coura<j. 

miles off couivse _ il^greos rorrcclk 

miles flown ~ (fo 

Additional correction to convei’ge. 

mile.s off cou r.se degreo.s consiclioi 
miles to fly “(K)'"" ~~ 

b. Problem. An aircraft la 10 nauticiili 
to the left of course when 150 nautical i 
from departure point A. How many degree! 
rection are required to parallel course? 1 
nautical rniles remain to de.stinaf,it)n H, 
many additional degree-s are required to 
verge? In what direction i.s the coi’roctioi 
plied ? 


li:fi 





.... 








X 






■A \ * " / 7 1 
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Figure S-17. Off-eourse eorection to converge, 

c. Solution. Using the DE computer, refer 
to figures 8-16 and 8-17 and solve as follows : 

(1) Set 150 (inner scale) under 10 (outer 
scale) (fig, 8-16). 

(2) Over the 60 index, read (correction 
required to parallel). 

(3) Set 80 (inner scale) under 10 (outer 
scale) (fig. 8-17). 

(4) Over 60 index, read 7.5® to converge. 

(5) 4° + 7.5° = 11.5°, total correction 
to converge at destination. Since air- 
craft is off course to the left, correc- 
tion will be made to the right or 
added to the original heading. For 
example, if the original heading was 
090®, the new heading is 101.6® or 
102® to the nearest degree. 

8-19. Off-Course Correction (Drift 
Correction Window) 

This scale in the drift correction window of 
the MB-4A computer is a refinement of the 
rule of 60 (par. 8-18). Actually an arc of 1 
mile subtends an angle of 1® at a distance of 


57.3 miles rather than 60 miles. The drift cor- 
rection window scale incorporates this rela- 
tionship correctly. 

a. Problem. After traveling 400 miles, and 
the aircraft is 30 miles off course. 

(1) What drift correction angle is neces- 
sary to parallel the desired course? 

(2) What drift correction angle is neces- 
sary to intercept the desired course in 
160 additional miles? 

b. Solution. 

(1) Set the miles off course (30) on the 
outer scale over the distance traveled 
(400) on the inner scale and read the 
correction angle to parallel the de- 
sired course in the drift correction 
window (4.3®) (fig. 8-18). 

(2) To find the angle to intercept the de- 
sired course, place the miles off course 
(30) on the outer scale over the 
course miles to interception point 
(150) on the inner scale. Read the 
additional angle to intercept in the 
drift correction window (11.3®) (fig. 
8-19). The total correction angle to 



Figure 8-18. Drift correction oomptitatimi to parallel. 
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-SO is to the total time in minutes (T), as 
^ groundspeetl on the return leg (GS.) is to 
! 5 » time in minutes on the outbound leg (ti) . 
[iiutes on the outbound leg of the flight can be 

Iculated by the formula GS, + GSg 

T ti 


formula for calculating time required ^oi 
e return leg of the flight is GSi + GSa - GSi, 

T U 

which ta is the time required for the return 
g of the flight. These formulas can be cal- 
aated on the DR computer as ratio and pro- 
:»rtion problems and appear on the DR com- 
iter as they appear in mathematical form, 
o solve radius of action fixed base problems 
ith the DR computer, use the problem given 
j a above, referring to figures 8-20 and 8-21, 

rid proceed as follows i 

(1) Find the sum of the groundspeeds 

(160 + 130 = 290). 


(2) Set the total time (T = 4.5 hours or 
270 minutes) under the sum of the 
groundspeeds (290) (fig. 8-20). 

(3) Under 130- (GS^), read the time on 
the outbound leg, 2 hours + 1 minute 
or 121 minutes (fig. 8-20). 

(4) Without changing the setting of the 
computer, under 160 (GSJ, read the 
time required for the return leg, 2 
hours + 29 minutes or 149 minutes 
(fig, 8-20). 

(5) These two amounts of time should be 
equivalent to the total amount of time 
of the flight. 

(6) Place the 60 index under 160 (GSi) 
and over 121 minutes (time on the 
outbound leg), read the radius action, 
322 nautical mlies (fig. 8-21). 


Section III. GRID SIDE OF THE DR COMPUTER 


1—21. Plotting Disc and Correction Scales 

The grid side of the DR computer (fig. 8-22) 
•nables the aviator to solve wind problems. It 
consists of a transparent, rotatable plotting 
5isc mounted in a frame on the reverse side of 
she circular slide rule. A compass rose 
3 ated around the plotting disc. The correction 
scale on the top frame of the circular grid is 
graduated in degrees right and left of the tme 
iwiex (labeled TRUE INDEX). This scale is 
used for calculating drift or drift correction 
and is labeled dnft Hght and dnft left. A 
small reference circle, or grommet, is located at 
the center of the plotting disc. 

8-22. Sliding Grid 

A reversible sliding grid (fig. 8-22i) inserted 
"between the circular slide rule and the plotting 
disc is used for wind computations. The slide 
has converging lines spaced 2° apart between 
the concentric arcs marked 0 to 150 and l 
apart above the 150 arc. The concentric arcs 
are used for calculations of speed and are 
spaced 2 units (usually knots or miles per 
hour) apart. Direction of the centerline coin- 
cides with the index. The common centei olthe 

AGO 814«A 


CORRECTION 

SCAlEs 


GROMMET 
(REFERENCE) ^ 
CIRCLE) 


REVERSIBLE 
SLIDING 
GRID— - 
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Figure Grid ai 
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, INDEX 


COMFASS 
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concentric arcs and the iioint at which all ..r 
verging lines meet is located at the lower . , 
ot the slide. On one side of tlie sliding grid thl 
speed arcs are numbered from () to 270 nlJ 
reverse side, from 70 to 800. The low rimL Jf 
speeds on the sliding grid is especially \Zm 
m solving navigational problems for aircS 
having slow-.speed llight characteristics. 

Note, SoDio coinputors ar<i onuinDorl hmM, r. i 
ranging rnnn 80 to .■If.O on ono .si.lo of tho .S!;?™** 
i hoR(! coin|)ntor.s wore) d, -.signed for hig], f 
aircraft, Imt Jiave boon i.s.siied i„ ' f.’ 

Army ,.f .>i J tS t 

ll.o». I, •» 

a. Ractangnlur a, id. The rectonBulny „„ 
en the iever.se siile of the ,,lidi„„ kikI (% j 
2.8) IS dftsigned so that the left half can ha 
used for calculations on tho 70 to 800 side of 
the sliding grid and tho rigid half can be used 

if li T ! <'*vi.sion has a value 

10 units; each largo division has a value of 

60 units. On the right half, the small sqi^area 
have a value of 3 units; the large squarira 
value of 15 units. This grid is used for solving 
1 oblems, .such as olf-eourse correction, air 
plot, and radius of action, and for correcting 
reported wind (par. {)-80), ^ 

b. CorrecUon Factors. The F correction fac- 
iois on the front side of tho sliding grid are 
used for ealculating TAS caused by eompressi- , 

ArmvaLwrfl 1 and altitudes. ’ 

these correction factors to tlieir TAS* 


Figure Reverse side of sliding grid. 


8-23. Wind Triangle Construction 

foim, thia triangle la made „p ol vSa 


Section IV. WIND TRIANGLES 


8-12 


fiuuntities) whose elements i 
ya the same. The vectors (fig. 8-24) an 

(1) A wind vector, consisting of the wi 
dii’ection and speed. 
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(2) A ground vector, representing the 
movement of the aircraft with respect 
to the ground, and consisting of the 
course (or track) and the ground- 
speed. 

(3) An air vectoi', representing the move- 
ment of the aircraft with respect to 
the airmass, and consisting of the 
heading and the true airspeed. 

b. The direction of such vectors is shown hy 
the bearing of a line with reference to north. 
The magnitude of the vector is shown by com- 
paring the length of a line with an arbitral y 
scale. For example, if 1 inch represents 10 
knots, then a velocity of 50 knots would be 
shown by a line 5 inches long (fig. 8-24) . 

c. Necessary steps for drawing the wind 
triangle' ai;e-i- 

(1) Draw a vertical reference line with 
an arrow at the top indicating north. 

(2) Draw a very short line intercepting 
the reference line at a convenient 
point to indicate the point of origin in 
the diagram. 

(3) Draw in the known vectors (a above) . 

AGO 8U3A 



(4) Close the triangle to determine two 
unknown factors. (Known and un- 
known factors will vary; but each 
factor can be determined, provided 
each vector includes its own factois. 
namely direction and length.) 
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8-24. Wind Triangle Solution 

Fi>:ure 8 -2') illustrates the construction of a 
trianKic to solve for heading and gfround- 
-IKoi when the course, wind velocity (W/V), 
TAS are known. Similar triangles are 
; - • d to i^olve for heading and TAS or for wind 
vf luv'ity. 

Plot the wind vector first (AB). 

J^iot the course for an indefinite distance 
the point of origin (AD). 


t)wing an arc from the end of tk 
vector (B) (,„l„g the TAS as the are ' 
to iiitei-sect 11,0 course line (C) n„,. I®"' 
vector (EC), 

Measure the heading by clete,™iai„„ 

angle formed between the vertical reW 
line and the air vector. 

Meassure groundspeed along the 
vector (AC). ^ 


Section V. WiND PROBLEMS 

8-25. General 

Ifi ■iolvifiir ;vind problems on the computer, 
j art i>f a triangle is plotted on the transparent 
"Urince of the circular disc. Lines printed on 

; !"?'■ “fi; two sides of the 

The center of the concentric speed 
u rears (fi^v g.26) is one vertex of the triangle. 

Mrc: are many methods applicable for com- 
4?!“', but the following 

rl i- section in- 
problems where the centemie is used as 
. ■ nd vector and the mnd vector is pi^d 
the grommet. Plotted 

1- C. rnr.^tibr’p; j.ff problems must 

CcmpZbo"„^ °'»-ncl,peed 

fading aud'grtuSZdr 

loltor«s37„'ijgl ‘^= OH computer, refer 
folio W.s; solve the problem 

-•"^'1rh,lt!S-/™-vh,cl. the 

HEX (fig. 8-27) W- 

■'»( Within TSci:ttL' 


DEx7flg.‘Sr 

(4) Adjust sliding grid so that the 

amapecd (120 knota) ia at tj^r.! 

(B) Note that the wind dot is at the 14 



«-14 


VERTEX 

S~ge. Wind trianffle on DR computer. 
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p-*^- fi«fi 
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Figure 8-S7. Plotting the wind vector to solve for I 
heading and groundspeed. 

converging line to the right of center- 

line. , . , 

(6) Under the 14“ correction scale 

(labeled dnft right) to the right of 
center at the top of the computer, 
read the heading (104®) . 

(7) Under the grommet, read the ground- 
speed (106 knots). 

8-27. Heading and True Airspeed 
Computation 

a. Problem. The wind is from 090°/20 
knots, course 120®, groundspeed 90 knots. 
What is the heading and true airspeed? 

b. Solution. Using the DR computer, refer 
to figures 8-29 and 8-30 and solve as follows : 

b. Solution. Using the DR computer, refer 
to figures 8-29 and 8-80 and solve as follows : 


Figure 8-28. Reading heading, wind comotion, and 
groiindapeed. 

(1) Set 90 (090® wind direction) under 
the TRUE INDEX and plot wind vec- 
tor 20 units above the grommet using 

dot within circle (fig. 8-29). 

(2) Set course (120® 3 to the TRUE IN- 
DEX (fig. 8-30). 

(3) Move sliding grid so that groundspeed 
(90 knots) concentric circle is at the 
grommet. 

(4) The wind dot is now on the converg- 
inff line 5® to the left of centerline, 
to] S heading (115"), 5- left of 

true index on correction scale. 

(B ) Under the wind dot, read the true air- 
speed (108 knots). 

8-28. Wind Velocity Computation ^ 

proWom. Hoadlng ISO", truo airopood lOO 
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i'S »3 i:L:u‘’;7 “"‘'*‘’“‘' »» What 

.-s^. .«..f ►“Si* ’“’ 

“« ^^mlt ov’ar th?™ 
(»lcm>ts). groundspeed 

S.i,?:i.« the headiner is 10 ° luo 4.1 
ffaric. find wherf the in i ‘ 

i<«« to the left J . converging 
5h» lOtJ-kuots crosses 

thTgtomm f ; 

««a fmm which /w <^irec- 

<«5*>. •n.niaSLT"'* '"<’"■<”8 

>»« ti. *.( m amia be! 

°a the grommet indi. 


5-^0. naamuff hemiing, Urifl oorrccUon. „„,i 
irm nirnpcod. 

knots) (20 

8-29. The 80 to 350 Typo Sliding Grid 

grid while ^oiving^problo 

and/or groundsinooS ^ which airspeeds 

P^bleraTr iTut T '?™,‘'!“" »'»' ‘I* 

values for windsneod (h® known 

speed. Magnltul?r r 
for period? of J4 houl?''?! are 
Although the vector mn^ ^ 

angular relationahin change, the 

constant. The followf*?^^"'^*^” vectors is 

clarify this method? 

Tina ’SrSatof •’*" »>«• 

course is 030“ f..,, ®^cundspeed where the 
Velocity 010“/20 wind 

• If this problem were 


AOO SinA 
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Figure S-Sl. Solving for wind velociti/. 



Figure S-3)?. Ucading wind velocity. 


computed using the 80 to 360 sliding grid, cer- 
tain points necessary for computation would be 
missing on the computer. Doubling the magni" 
tudes, the computer would bo adjusted as fol- 
lows: 

(1) Set wind direction (010”) to the 
TRUE INDEX. 

(2) Place a dot within a circle 40 units 
above the grommet. (This represents 
wind effect for 2 hrs.) 

(3) Place the course (030°) at the TRUE 
INDEX. 

(4) Move the sliding grid until the dot 
made in (2) above is at the 140 speed 
arc. (140 represents the true air- 
speed for 2 hrs.) 

(6) Read drift correction 6° to the left of 
centerline. Below the 6° drift correc- 
tion scale at top of disc, read the 
heading (024°). 


(6) Under the grommet, read 102. Since 
this is the ground covered in 2 hours, 
the value for 1 hour is 61 knots. 

8-30. Correcting the Reported Wind 

A pilotage fix, furnishing information on 
track and groundspeed, can be used for cor- 
recting the reported wind using the rectangu- 
lar grid portion of the sliding grid. 

a. Problem. After flying for 30 minutes, an 
aviator establishes a fix on a navigational chart 
and finds he is 6 miles north of his on-course 
dead reckoning position. The reported wine 
for the flight was 30 knots from 126 . Whal 
is the actual wind condition ? 

ft. Solution, Place the rectangular grid o: 
the slide under the transparent disc. 

(1) Rotate the compass rose until th< 
wind direction (125°) is under th 
TRUE INDEX (fig. 8-34). 
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tnmi 

grommet- («t 0) lo Ih,. 

(A, %. 8-fM). * ' 

^ vvJ.Ki ...m, 

iieiU, I.O., Hiiice Lh<« iiiiri’jtfi i- r ■ 

»0rthoiu,0d0Hi™,ip,,wil™;,n“ 

^tunutos /lyiiio' h'nui rhii » * » 

lient to 12 knoll M , ""' "’"'I 

blow no Jiin-jYifi won 

wow oft courao twii*n nn fur i , 

^ f(2rn^bovrr*n”ot^Jy‘‘'^^^ Wiml vecfoi 

component ^vertiLiJIv 
^ knota to acnie rn ';f‘'^’rtwar(l 12 

^6) Connect the emS nf 

vector with thn f I wind 

wiTiiUrtor;: ^ 

(7) ft 8^86)! 

atr n * 'S -■ 


\ 



— aas 
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ngwre 8S5. Plotting the aaamned wind. 

the TRUE INDEX, and read the 
actual windspeed (38 knots) as the 
length of the vector (C) along the 
centerline. 

8-31. Wind Triangle Variations 

a Many other wind problems can be solved 
using the grid face of the MB-4A computer, 
including track and groundspeed, wind a,nd 
groundspeed from double or multiple drift, 
wind from groundspeed and drift, and correc- 
tion for reported wind. Wind triangles may 


Figure 8-Se. Plotting the actual vjind. 


also be plotted on the computer, usin^ 
terline as the air vector, by plotting fne 
vector below the grommet. 


cen- 

■witid. 


I). Since the mastery of the wind ^ 

roblems discussed in this section f 
or flight planning with ® 

ilete discussion of the variations 
a a above is not essential or within tHe ■ ^ 

.f this manual. A complete discussion of _ _ 
.otential of the DR computer is presented in 
\.FM-51-12 (see app. I). 
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PART TWO 
RADIO NAVIGATION 

CHAPTER 9 
RADIO PRINCIPLES 


9 _ 1 . Geneml 

Radio communication and radio navisaton 
uanally are necessary during inatrument fUgM. 
me avStor should be familiar With radio 
principles and the capabilities and employmen 
of Array aircraft radio equipment. 

9-2. Wave Transmission 

According to the wave theory of >^adiation, 
sound, light, and electrical energy are tia 
mitted by waves. 

„ Wave Energy traveling through a sub- 
intoTSond, the energy of motion from the 

Srrrye?ofeL?gTtr" 

rise and fall above and below the 
disturbed water level can be grap e 
curved line. 

b fvole A cycle is an alternation of a wave 

through a 

series of movement back to the same amplitude 
ffbelow) ; i.e., one complete wave vibrat on 
A cvcle (fig. 9-1) is represented by the portion 
tf tlrwave from A to B, from B to F, f roni C 
fn r or between any other two points encom 

tion. For example, a cork ^ 

ifl snbiected to cyclic wave movement when 

r^ped Lb. the ,»^r. 

OTte” iSel (normal position) up to the -wave 


crest (2) drops back to normal, (3) falls into 
r«'vo trough, and (4) nses back ^ norrn^ 
A cvcle is also completed when the coi ^ 

from the crest of the wave down to the 
position, falls into the wave ^hl 

to normal, and co^^tinues rising to the top of th 
wave crest. Thus a cyele is any ^omP eto se 
quence of amplitude variation m a repetitive 
series of wave movements. 

c Frequency, The frequency of a wave is 
measured by the number of cycles completed 
in 1 second. If two cycles are completed in 
second, the wave frequency is two cycles per 
second. Since the number of cycles per second 
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TRANSMITTIHf? 



WVwi/W 

modulated carrier VWE 


ALDIO WAVE 


(cyjs) luns into high figures rnRin f 

are commonlv exnreQoL ° ^lequencies 

«,r»i A expressed as lcilocvcl<><t n haa 

S:i^rrj‘f,rir«“ 

-SrETSr"»«“ 

nieters, feet nv ^ expressed in 

measurement. ' other suitable linear 

level. In figm-e T! L reference 

represented by the lines^^w 

amplitudes arLhow^"! p“' FJ; other 

representations we7e iT 

t + ) or below (-) reference line 

9“-3. De and Ac Current 

9-2 


««■. O-a. 


aiwnSlT 


for the same length of time twi+t, o j.* 
movement An nifa».v. <.• ’ with a continuous 

loom with ^ o^o'oo- 

and the ott" “ 

9-4. Radio Waves 

flew\TOS“hc°'S”ucto“‘'lh ““ j; ““tt"®*'' 

flowa. When alternrtS v 

s,xs?r„f:„r^r" 

ing eurrent of h?rt, “IJapses, An allernat- 

emteraSoXa ®whfr“’'^“ "*■' '“'it'”- 

buiJd-up and collapM 

around a contlocloi' ithe a ““^oatic field 

quencles exZ7*?Li^L ®adio fee- 

SOP.OOO negacydi, W"oyeles to above 

»-5.^Prmeiplea of the Trqmmiiter 

«a^?rnr2;s=:’— 

mitted bv ffPnAniy’ signal is trans- 

eurrent of the deatad fMquenStid' '"“‘f 
to an antenna auitahSS^^^^^^^^^ 

Ago 8143A 


.r.nntinuous and unmodulated. 






9-4 


S^?'°“‘' “» "Itemat,?" “"lea 

fata'f ““ ns jjr^r 

* aiisjuittecl eithpi< i • *’6ceivei* CoriA 
wave 

nnof’l"’ '"■ raatiiilalL th “ '*“‘a and 

»>ic™pLntV“®1.'“' •'•rougi £ 

=r =rS“-c.' i; ~ 
■“'-;.'iir='=-‘'-.rii“ 

»Wn LTf 

Sam iair“‘nvo(M“te S“a “ 

3i.„«rrn:“rrrc”E‘nrrd5 

^ a»”ert a modulated 


carrier wave fincwl , u 
aiS:JiaJs are used in V( 

E, and F of To 90'"= ™<l"'alion , 
ner waves). Pio.,,,.^ mod 

r\ ^ * 


- 6 . Mncipfee o, th, 

SauSn'i” "'*■» ■»■• 

-- « ttetsrrr 

current i„ one cond.. f 
another conductor ^ Placing 

• The mZoTotZ 7 ?.^- 

nal from the many 
iumtiff. The tunine^A- signaJs i 

adjusted to ?’esot>r,-^ circuit in the rec 

desired sig-nal; other S? ^i'«iuenc, 

by the timing circuit cies are i 

Mn;nteiJigibie at SvI 

«tdJ a combination «>’«■ 

w«ve) and the audio wave 'iv’° 

!>' ^demodulating 

ceiver called a demorhdm *1 

to separate the a^dfn "^^tector U 

^^ve. The audi^ porL^oT.^’"”^ 

used to vibrate the dfaXa^,^" o 



receiver se/icmatic. 
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Figure 9-5. Radio mivc transmission. 


hGc\(lrtct or H spoukor. This vibrf’tiii^? suifcicG 
(‘.ausos avi(lil)l(> sound waves, reproducing those 
■whieiv cntei'ed the microphone at the transmit- 


ter {fig. 9-2). 

Ihc frc^iiKsncy oE ii cavrinr wave is above 


the uudilile HOund 
(BFO) (pur. il-ilfE) is 
rupte.d curriia* wiivis siRinds 
sound. 


!•)>»(?(;> n bent fvecpiency oscillator 
u.se(! to convert coded inter- 
iiito audible, intelligible 


9-7. Classification of Frequencies 

a. Audio Frequency (AF) . Twenty to 20,000 
cps (cycles per .second). 

b. Radio Frequency {RP")- 

(1) Very low frequency (VLF), 10 to 30 
kc {kilocycles), 

(2) Low frequency (LF), 30 to 300 kc. 

(3) Medium frequency (MF) , 300 to 3,000 

kc. 

(4) High frequency (HF), 3,000 to 30,0 
kc. 

(6) Very high frequency (VHF), 30 o 
300 me (megacycles). 

(6) Ultrahigh frequency (UHF), 300 to 

3,000 nac. 


(7) Superhigh frequency (SHF), 3,000 t 

30,000 me. 

(8) Extremely high frequency (EMF 

30.000 to 300,000 me. 

Note. Although the Federal Commiinic 
tions Conimission (FCC) designates "00 

3.000 me as UHF, the UHF radio frequeiu 
band in aviation communication begin.'; at 
me, 


. Low Frequency Radio Wave 
Propagation (Nondirectional) 

radio wave leaves the tnuismitlii 
mna in all directions. That portion o 
iated wave following the ground i.s call. 

ground taaua (fig. 

■onducted along the earth until its cn<- i 
absorbed (depleted by the attenuation t 
5 , par. 9-10). The remainder of the ra U t 

rgy is called the sky wave 
. wave is radiated into space and would 
: weJe it not for the refracting laj^rs lu^t 
losphere. These layers are m » 

ihe atmosphere called 
ere air Is ionired by radiation oI the s 
reftactinir effect on the waves rein. 
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thsin to Gfl,rfTi •irtA 

ceived at distant pointe' The 

distance fa detei-mined bv^hr^-^ u” 

of the fonospWe den- 


^wdetrrt;rf;pef“‘"r 

a~X"“r'r-~ 

Q t f% ^ 


9-9. Skip Distance 

The distance between the < 9-12 r . ' ' 

tenna and the voinflu ^ '^^’ansmitting- an ' r®"®*"*** Nature of H;«u t 

i^turna to the Sol wave £ '’''■pcisafion I3 0M^. 

irr- 'f ®’ " ™) By e“"r,- *'■' - - 

aJao mciudes the rfw ^ extension, this term 

fee reflection tinUn”"! ®«eh 

(SC, fig-. 9_5^ rnuJtihop transmission 

Wiethe «.e the pS 

eeived and the point wh?? fi° ^e re- 
returned is called the^wf is 

r;adiation changes the n solar 

the ionosphere a great of 

occurs at dawn and dusk distance 

, ,7“" 

”""10. *1. 


9-TO Cff t^>an usua 

degree of conductiv/i has a varyino- 

The earth SL" r'=‘“"« “> S 

to radio waves ™ **’* stoutest 
oled energy that travel, ™ “-I of the radi 
■<"000 a voltage in a! ewund in 

“Ot-ey from the wave Th°“"v “'“ “"htracte 
wave is attenuated fde,^* *he ground 
distance from the » ^ti-onglhT ", 

Tteooles Of airwMe/:*!"?^ '•"oreasS irb, 
s„d matter 7 th ■ ear 7 “‘ “ ‘h' 

as trees, buildings anH ^ - such 

“hsorb radiation energy777‘’“‘''“ - 

Trequeney low and MMlium 

-M^tel:2:;t"“i:f'’--™adeor„at 

Each 'smaTSarg 

alaS£'"Val:‘ 

Qaencies from o to a7r ^^^ation. All fre" 

^dTef7 '■■™-ach7a7Z‘"'^ ”>« art 
''^'■'^-nargytoany^--^^ 


Th« .ih ^ fo 30 J 

t^he attenuation of the o-.-r. j 
quencies above annyra • ffiound wave 
fi-reat as to render^n^l 

for communication 

tances. The sky wiv! ^ ^lio 
It reflects back and forth ? 
communication can hn ^ 

distance (12,000 miles 
quencies between T 1 ? ’ / r • 

^»’®atest radTo rtanL?’^- 

points on the earth 
hy layers of the ionof 
curvature of the earl^ Thf ^ folio v 

quencies (LF) of low 

f mospheric absoi’ption^^ attenuation 

frequencies peneS! or Jii 

to outer space. ionosphere and ea 

Frequency fUHFl P *^*^*^“ ^'9^ 
SfOOOAlc) ^ P''®P«9aHon (30 : 

curs at frequenefi^^abo'^'"''® Propagation t 
wc. Ordinarily there is 
the ionosphere so i-iiDf ® refraction fx’c 
»hly if the Csmir™“''“«™ “ Po« 
tennas are raised far enm 1 ^ receiving a, 
swface to aiJow the use oft 
type of radiation is kno^^ T'Jii 

transmission. Thus, VHF/uhf 
js dependent upon the doC>?^ communicatioj 
relation to the frt of the receivei 

borne VHF/UHF equbmtf 
importance for the aviator to utmost 

limiting hie commun^ta^r' 

The rangrorvHF ^™"™issian i 

* TOF and VHP iranemwon i 

J 
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is limited primarily by the altitude of ^ 
craft and the power of the station. Both VH1< 
and UHF are line-of-sight transmission, and 
at 1,000 feet above level terrain are usable for 
approximately 39 nautical miles. At higher 
altitudes, VHF and UHF transmissions can 
be received at greater distances as indicated 

below. 


Altitude ftbove ground station 
(feet) 

Reception distance 
(nautical miles) 

1,000 

39 

3,000 

69 

5,000 

87 

10,000 

122 

15,000 

1B2 

20,000 

174 
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CHAPTER 10 

VHP OMNIDIRECTIONAL RADIO RANGE SYSTEM (VOR) 


Section I. COMPONENTS AND OPERATION 


0_1 . General 

The VHF omnidirectional radio range sys- 
tem (VOR) is the major navigational system 
used by Army aviators in the United States. 
The VOR is a VHF facility which eliminates 
atmospheric static problems and provides the 
aviator with 360 usable courses to or from any 
oTtifii (owMtt’directional) range station. The 
terms omni and VOR are used interchangeably 
with reference to the VHF omnidirectional 
range. 


10-2. Transmitter and Receiver 
Fundamentals 

The omnirange transmitter emits two signals 
— the variable signal and the reference signal. 
The variable signal is transmitted in only one 
direction at any given time ; however, the direc- 
tion of its transmission varies so rapidly that 
the signal appears to be a continuous signal ro- 
tating clockwise around the station at approxi- 
mately 1,800 rpm. Receivers which are cor- 
rectly tuned to a station will receive both 


MAGNETIC NORTH 



. :';;lsdo " • 

Fifftcre 10-1. Omni signal phase differences. 


10-1 
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•Igna!?!. The tuo signiils are in phase only at 
north. At all other points around the 
-tatiiirj there i.s a definite difference between the 
(fifr. 10-1). Eeceivers in the aircraft 
t the phase difference and present the in- 
f'^rnsaliDn to the aviator either by centering 
;iT2 indicator needle representing an on-course 
or by deflecting the needle to the right 
• r left of center representing an off-course 
I- 'is ion. The .signials may also be fed to a coin- 
pass-typie indicator (ch. 12) to show direction 
•*> the transmitting station. 

10-3. Army Receivers 

The standard omni receiver set is the ARN- 
30. The control panel for the ARN-SOA is illus- 
trated in figure 10-2. This set can receive VHF 
.“iignala from 108 me to 136 me. The lower part 
nf this band (108 to 118 me) is used for recep- 
t'ion of voice and navigational signals from 
SAmni stiitions and the localizer ti'ansmitter of 
the in.strument landing system (ILS). Since 
omni stations do not operate above 118 me, the 


upper part of the receiver bund is userf . , 
foi- voice reception o( viiriona radio ta“i|Sf 
operating on these channels. Some Ann • 
craft are equipped with the ARN-^nn 
This receiver is basically the same as^AP? 
30A but has a different tuning mo.L!‘ 
10-3). The AKN-30A co,Sl prej “s™ 1“' 
tinuous tuning crank, whereas the ARN 2 
has two digital tuning knobs. The left t®! 
changes the whole-megacycle frequency 
the right knob changes tlie decimal values ? 
tuned frequency appears in the window on i 
receiver control panel. This digital timinn- / 
tore of the ARN-30n ia ^ u Z 

convenient m flirtt oapeclally when the avt 
tor's attention mmt be devoted to .several tht! 
Simutoneoua y. Another type recolv” 

30E) is simi ar to the AHN-30D but la cooS 

tuning of the ILS localizer frequenev nnr) ti,o 

fin Toon"® *■■>‘1“™“!' "P"” to the AR* 
SOD and SOE ie 108.00 to 120.00 The e Z 

ctapto l "® ‘"® 





to-a 


jure iO-2, ARNsdA 




receiver control panel. 


AGO 8148A 



TM 1-225 


CHANNEL FREQUENCY 
D(AL 


VOLUME CONTROL 

and switch 



SQUELCH CONTROL 


MEGACYCLE CHANNEL 
SELECTOR SWITCH 


FRACTIONAL MEGACYCLE 
CHANNEL SELECTOR SWITCH 


Fisuve, 10-3. ABN-SOD or 30E receiver control -panel. 


0-4. VOR Course Indicator Components 
’ (lD-453) 

The omni navigation signal is diaplapd to 
;he aviator in moat Army aircraft on an instru- 


A B 



ment called the cojtrse widicator UD-463) {flg- 
10-4). 

a. Components. This instrument consists 


(1) A course selector (omni bearing se- 
lector) (A and A^, fig. 10-4). 

(2) A course deviation indicator (usually 
called the needie) (B, flg. 10-4). 

(3) A to-froin indicator (sense indica- 
tor) (C, fig. 10-4). 

(4) A glideslope deviation indicator (D, 
flg. 10-4). 

Note. The glideslope indicator is not shown 
in other figures of this chapter because it is 
not used for the procedures discussed herein. 
(See chapter 15 for a complete discussion.) 

(6) An omni receiver 'warning flag (locali- 
zer -warning flag) (E> fig* 10-4). 

(6) A glideslope receiver warning flag (F, 
flg. 10-4). 


b. Course Selector. The aviator operates the 

urse selector manually H' 

.Mr Vnnh labeled ABC ar- 


Fiffure 10-lt. ID~J,5S courao indicaU 
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The selects. 

tioii Tf • craft with respect to the sta- 

tion^It indicates TO any time a selected course 
Of flown) would bring the aircraft closer to 
the station. For example, if an aircraft is lo 
cated southeast of a station and the Sato; 

-Pe'orS'atS 

craft A, B. and C, fig. io-6), the de- 
viation needle is centered regardless 
,„. ^ the aircraft’s heading, 

(2) ^^itt-scale deflection. If the aircraft is 
off the selected course by 10° or more 

deflects fuH-scale to one side (aircraft 
D, fig. 10-6). The indicator face is 

edgfSth ;"‘='*®«‘e«ts, with the 
edge of the small center circle repre- 

zoI!taTr hori- 

zontally) representing 2®, 


STATION 




-2700 COURSE 


A 


receiver warn 

mg flag (localizer warning flag) is it tho i t 


aavn524 


10-4 


fW IM. 0„,„ 


0-5. Tuning 

the ARn's^'a receiver with 

1^2)- ^ receiver control panel (flg 

(1) Turn the combined off-on switch and 

10-2) in the 
OMNI position. (The VAR-LOC poai- 
tion will be discussed in chapter 16.) 

frequency to be used 
dial fMr”V" frequency on the : 

(4) When the dial (MC, fig-. i0-2) is set 
position, listen in the^ 

y if necessary. After identifica- 
tion IS completed, the volume may be 
1 educed to the desired level. 

(6) Observe the behavior of the omni 
warning flag (OFF flag) on The 
course indicator (E, fig. 10-4). This 

flag will drop out Of sight as the 

from the station is reliably received. 

30D »«•> ‘he AEN- 

®^2) and a (S) above 
^MNI/VAR-LOC select Witch’ 

Sfbs o?tSr”'V' f 
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iriVuhed in tuningr are the same as described 
f ,r the ARN-30A. 

,V' r,-, Tt.f SijueJch knob is used to reduce backgrround 
r . r’i the B'f?coiv'er headset. 

Sif/nal Reception. 

(1) Because of VHF radio characteristics 
(ch. 9), the signal from a station may- 
riot be received adequately if the air- 
craft is on the ground in a blind spot, 
too far away from the station, or at 
an altitude below the reliable recep- 
tion altitude. Station monitors nor- 


from h 

(2) If tho Htauo,, ,, tra,™it„ 

known to be iiiiroliable th„ ® 
identification is removed 
transmission. Consequently in? 
tion identiileation is S ^ 
while tuning, even though 
tions arc normal, the signal LS' 
considero( unrelinhin f ®“0iild|)j 

Ilowovcr, 

Station at this time may sUluf " 
inal and usable. ^ 


Section If. FLIGHT PROCEDURES WITH THE ID-453 


10 -^, Orientation 

a. Com and Radials. The term course may 
te used to refer to any desired or intended track 

Station. The avia- 

f Omni 

published as 

outbound from the omni statiom 


(radials). It is frequently convenient in ,.i 
to an aircraft’s position in tenJTtu 
on which it Is located, ■ for example '.‘ta™?! 
shows three aircraft on tho 000 “ vn r i 7.' 

oxaftA ieo„tho000.r„dh|f 

cour^ mbouiKl to the station. Aircraft n ,. 
the 090» radial followhw a mn. 
bound from tho statior AirertfLr” 

theOPO-radialflyin.atXofsr*' 





d.r.r,„ 
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• procedure. Orientation using 

tr - i.mni imiicafor (ID-453) is accomplished 
l-.y dr'- iniining the radial on which the air- 
i" h ivated; i.e., determining the direction 
■ ?! •' -i’atioM. 7’o accomplish the orientation 

;■! . r-'tui'*:.-— ■ 

n> 'i'une and identify the station. 

ilotate the cour.se selector until the 
lo-froni indicator reads TO and the 
deviation indicator (needle) is cen- 
tered, 

i.i t licivl the direction to the station under 
!he conr.sG arrow when the needle cen- 
ters with a TO indication. The radial 
on v.hich the aircraft is located also 
caji he read under the ball (A, fig. 
frt-7). 

V ^ ^ Th.' in (2) above can be altered to 

f- -It in a l•'r;o.M rending if de.sired. If altered in this 
r. th,> radial dial on which the aircraft is located 
an/Wr th.? course arrow and the dii-ectioji to the 
laufer the ball (B and C, %. 10-7) 


/. Fracking 

process of maintaining a 
-in. Course into or away from a station- 
■ .0 makegood" an intended track. Figure 

.Vt " iT’‘" following a O'- course 

■nt'iund to an omni station. 

«. jn position A the aircraft is 

course; the needle is centered. 

ti^-n ^blown Position B the aircraft has 

dimtor £H dellected to thf left^ To 
intrmlt*d track the nvi!f ^ to the 

to lie left 

under normal wind conditiA correction 

^*n-raft and for slow h^opters. 

standrrrc^^^^^^^^ aviator is ap- 

murn^rfto'JhfiJt'enS^tmck has 

m-entered. At this time if ^iT 
mm hin pre.sent headTnVl ^®.®'''''*®'' «^ain- 
themtended track. Ifhe L^^ through 

heading he Lin to the original 

'"JlJ be blown off 


10-8 


C. .1 / ca, i.n t, , e,arrv.cti<m. To avoid l,nn, . 
tions, the aviator corrects the hoaclin?a‘' 
ing toward tho intended track! b,/f , ' 
amount of the initial correcthm- i n *' 
toward the track 10'- ( ifio ^ /iyj’ ® ‘"'i 
copter) . Thi.s rcsulte in the fir.st titd i J 
rection for the crosswind. Thi.s firipf ^ 
may later prove to be either correnl 
or too large. ®’«al 

(1) Corrootion too umaU. If h,p n..o^ * ■ 

cwft codetta 

.stronger than anticipated) mr- 
cmft i, ,w,i„ 

fiom point F to point F (% iq 9i 

Hio. 10 0) to intercept the iiifpiviJ 

track at 20" or 30", 

piopi’iatc! to his aircraft. Ho reintp! 
copta tho h,to.,de<l truck at 
Ho correct!, hla (, ' 

by turning toward ib,, • u 

track 5“ fi. too; . “ ^ 

uacj£ D (a 10'- turn is used for ibw 

hchcoptcru), Thi« brackclhig p* 

dure can bo repeated If aecea J, 

(2) CorrecUm loo lam<. If the (l,,t W.I 

d.itt con-cction la too ki-ee (wind 

not quite as .strong as expected), the 

ngiue 10-10 the aircraft is overcor- 

into the wind at point V. The aviato: 
leturns to the intended track by turn 
ing parallel to the track (point W) t( 

Jourse ^1"' 

ToulZ n on 

corroot^^ 

or aTo°"irifi" Y); 

slow h is applied for 

^ «stftblishing the proper drift 
mpi-hnfi usually the most effective 

mono, ^ establishing the 

track h aviator could 

examn?^ following the needle" ; for 

turnino-^S needle deflection, 

right 

calJeW^ « 1 , ^ method, sometimes 

wasfl <^he needle,” normally 

wastes time, f„el, and effort. 
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(3) Correction for unusually strong unn . 

On some occasions unusually strong 
winds will prevent the aircraft from 
returning to the intended track even 
when a 20° or 30° correction is used. 

If, after applying a 20° or 30° correc- 
tion, the aviator sees that the needle 
is still not recentering in a reasonable 
amount of time, he may have to ap- 
ply a correction of 40° or more to 
return to the course. The aviator must 
assume that if 40° is required to le 
turn to the intended track, approxi- 
mately half of the correction (in this 
example 20°) will be required to stay 
on course. 

Note. Tracking procedures discussed hove 
are for guidance only; in flight these pro- 
cedures are reflned by the aviator to suit 
specific flight conditions. 

10-8. Station Passage 

Eecognition of station passage is very im- 
portant because aviators use omni stations to 
fix their exact position. These stations are also 
used as holding points for air traffic control 
and are often the destination point of an IFR 
flight to be used during the instrument ap- 
proach to the airfield. Station passage is deter- 
mined as follows: 

a. Since the aviator usually knows his ap- 
proximate arrival time over a station, he 
watches the clock and, as this time approaches, 
observes the to-from indicator reaction: 

(1) While inbound to the station, the indi- 
cator will read TO. 

(2) As the aircraft passes over the station, 
the to-from indicator will fluctuate 
momentarily, then drop to FROM, 
The time that this occurs is station 
passage time. While flying over the 
station, the aviator may also notice 
fluctuations of the deviation needle 
and the momentary appearance of the 
warning flag. 

b. If the aviator intends to continue his flight 
along the same course, he continues to track 
outbound. The only indicator change is the re- 
versal of the to-from indicator. If there is a 

AGO SUSA 
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FOR iNBOUND COURSE 


Figure 10^1 L Course seledor reset to track outbound 
on a different course, 

course change (fig. 10-11), the aviator resets 
the course selector and turns the aircraft to the 
new reading. 

c. Figure 10-11 illustrates another Important 
consideration when the to-from indicator 
ing changes. The aircraft is flying toward the 
station (point A) but is not inbound on the 
selected course. The aircraft continues on the 
same heading and flies past the station 
B). At the time the aircraft is abeam the 
station, the to-from indicator will change to 
read FROM. This FROM reading will remain 
in the indicator as the aircraft flies away from 
the station (point C) . 

10-9. Position Fixing 

a. The Victor (V) airways system (see note 
below) is based upon the operation of several 
hundred omni stations and has, in addition to 
the stations themselves, numerous other flight 
checkpoints (intersections) . An intersection is 
a point where two or more radials from differ- 
ent omni stations intersect. Checkpoints can be 
established at these intersections for position 
fixing. The procedure for fixing position over 
intersections by using one omni receiver 
(course selector reading FROM) is illustrated 
in figure 10-13. 

Note. Airways are routes through navigable airspace 
on which air route traffic control is maintained over 
on route IFR traffic. Airways are labeled along their 

10-11 
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centerlines point-to-point, and are comprised of the air- 
space charted on either side of the designated centerline 
and within the designated upper and lower limits. Air- 
ways established with VOR facilities in the low alti- 
tude route structure (position determined by radials 
from VOR stations) are called Victor airways and are 
labeled with a V and a number; e.g., V-111. The north- 
south airway.s have odd numbers and the east-west air- 
ways even numbers. Airways in the high altitude route 
structure are labeled with a J and a number, and are 
called jet routes. 

(1) The aircraft proceeds outbound (W, 
fig. 10-13) from station A with the 
receiver tuned to station A. During 


this outbound flight the aviator estab- 
lishes the correct heading for remain- 
ing on the course (090°) by the track- 
ing procedure outlined in paragraph 
10-7. 

(2) After establishing the desired heading 
to remain on a 090° course, the avi- 
ator tunes and identifies station B. 

(3) The 130° radial fi’ora station B crosses 
the 090° radial from station A to 
establish the intersection (open tri- 
angle symbol). The aviator sets the 


STATION 



Fiffurc 10-18. Position fixinff at an intersection, course seleotor reading FROM 

10-13 
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course selector on 130° and, since this 
f radial from the station, the to- 

% "10-13^*°'’ 

(4) At the time the aircraft is exactly over 
the intersection (Y, %. 10-I3), the 
deviation indicator will center since 

130 ladial from station B. Hav- 
ing fixed his position over the inter- 
section, the aviator then resets the 
course selector to 090°, retunes and 
Identifies station A. and checks for 

in t Se%r.f r- 

-ction" the ntdfe wlllt Seldl 
side on which the station is locafe/iJ°fi?^® 
selector has been Tf " f the course 

which causes the +r> f ” Published radial 
from to read 


an inLZta by Sta S' 

for a ™ readta/aTtL^'XZtw'' 

aviato" t 

aircraft arrives over "the P ® 'vhen the 
n^ on. intersection. 

) The aviator departs station A trackinir 

on ^010°^’ the^ the course selector set 
t the needle cenfprp/^ 

rnune), aad tha to-from Mcato 
reading (w, flg, io_i4) ' 

SitTonXT-? '”‘nr- 

section the aviator tunes and identi- 
fies station B (X, fig. io_i4) The 
published radial for station B is 26^° 

but the avifltr,,. 250° is the 

Since he 
lets the 
"ocal 
the 


couise of 070° will take the aircral 
0 s a lun B. Station B is to the avi 
ator s right from point X to Gamnii 

th/^^r+ ^ o”' needle deflects fe 

«iAf ^ +1, course selector ij 

rarlio? + ^ reciprocal of the published 
ladial to produce the TO reading k 

flAfrf °+ indicator, the needle de- 

tcnm ^ ^ opposite the station 

(compare with the deflection do- 
sciibed 111 h above). 

Tm-v^rf “ ‘'■n afrcrafi 

fiff 10-1 Gamma intersection (Y, 

^’eniains centered in- 
bound to station B (Z, fig. 10-14) 


10-10. Track Interception 

desLd intercept 

of the aircraft distance from the positio 

nHori ' procedures can be ac 

plied, as explained below. ' 

te,-cept, on At A in %„,e 10-16 The 4fr«ft 

follows: known, proceed as 

(1) Determine the direction of turn- 
right or left, 

(2) Select a reading which will intercent 

he deeired track at an angle 
in this case, since the desired track 

7a46°'’a„gTr'‘'“‘''-“»“'''‘— k 

lequests the aviator to "expedite” a on- 
mterception angle should be used ’ 

the course selector on the desired in- 
bound track— 0°. 

(4) Turn to the inbound heading of 0° 
when the needle centers {B, fig, lo- 

i.e., when the aircraft has 
reached the track. 
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(5) Procedure (2) above can be changed 
to intercept the track at a 90° angle 
(C, fig. 10-15) if necessary to reach 
the track in the least possible time. 

h. From a Known Position — DoubU-the- 
Angle Interception. The double-the-angle meth- 
od of intercepting a desired track from a known 
position consists of the following procedures 
(fig. 10-16) : 

(1) Determine the angular difference be- 
tween the radial on which the aircrai 
is presently located and the radial 
which represents the desired track. 
At A of figure 10-16 the aircraft la 
on the 160° radial and the aviator 


wishes to intercept the inbound course 
of 0° to the station. (This is the 180° 
radial, so the angular difference is 

30°. ) 

(2) Double the angular difference and this 
will give a desirable interception 
angle. In this case the interception 
angle will be 60°. 

Note. When using this 

(3) Select the heading which wiU ' 
frt mtftrecDt t 
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at the desimri • 

In this case I ^terception 
will intercept thp of 300° 

% anaVraef the*m *" “'**'*'* 
tobound oToT 


») «i«.j ,„ i.“S.' rafl'-* A to p„,„? 

1 bie atation from imi,,t n . remaiiung. 
Consequently, the tiL ^ ® station) 

interception lee- is thT ^®9'ni-ed to fly the 
maining to fly to the ‘‘"’® *'e- 

thafc interception occuj ’ time 

t.e dwator 

t*e tiacfc; If he tn 1 overshooting 
S *'? ^"ort o?fi r" '’“‘""s too 

he must perScU^t i°” "" 
the needle. The movement 'fading 

needle and the size (degree of fh ^ 

afcof ® indicators of hfj?® 

afcor should lead the nSdU ‘he avi- 

actual track intercept the 

^ » . 


above), observe the dofl« *• 

”«<lle. The track 111 tffl " 
as the needle d«fl * *he same sHf 

tadioaloT^^ it ?"■ 'I''"’ ‘“-f” 

‘i»n is ahead or bchtadlh '* ■'“ 

»> Tura teward the f 

beading which will'f? *»• 

StoHon* “"S Distance to o 


^’■‘"’1' '■«« M 

be i” Ume'iSen 

not know « it i, to ^ ? ri^t "’“y 

with respeeuf a ' ‘he 

lows: ° ^ is as fl 


»‘nff in regionVi^ft ® ^ aviator will be fly 
within receptlrSatf 

if necessary, fix his posif” ’ aviator cap, 
distance to either estimate the 

‘he bearing to eacMpaflrs^ 

^.eatlmale ‘* ““y be necasaaiy 

“sme the signal fro« . I””? hj 

‘eehniqne of doing tWs i, =*“‘'“n' One 

note to paragraph lo-ioft (6)^°^”*®^ out in tlio 
SaTrmSuf 'hustrated i” %in-o 
?--‘ethiestat>~^^^ 

<'f) Turn the aircraft fi, 

in fig. 10-17). ” through 80“ (left 

f »''af^“Tto”o80°''af” -T" 

hnown eadJatdtrafr! 

point C) at point B to 40“ at 
take a^secoSd 

or 2 mSe (e.g., 1414; 

during the 10° bearin^T^^® 

fRVm ; - r change). 

‘ f ^P^n inbound to tJiQ 1 i- 

- - *he action (D) and 

.,:AGp'81J3A. 
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estimate th« +• 

eppjymg. station by 

’’ 'omul, (e,S 


Tiinc JiGtn til 1 >-i • 

to station 




17.)” situation in /5g„j.0 


-LFegree Chang^" — ‘ = 

TJino Remaining to Sf 2 Minnf^ ^ Change * 

^otc. -=^i£i5co^ 

oaa= ?:rs «o“ ,,, lo^ == 


^oio. If„. 10“ — W 

-- - PS -ove. ... ^ 


T'- appro., ^ '"”’ «• •« «»• I. ,., u 

Dfufance to Station = ^J-ue Airspea,! v 'o™iul> 

(^) Substituting the 

^ tile data from fig. lo .7 . 

T.. « u 17 (assume the TAS i« ion t 

•I>iatance to Station = nots)— 

. Seconrf^ ^,..r . ~~ Nautical Miles, 


«onol or decim J ^ ‘0 frac 

istance formuJas; ^ time and 

Cl) They are based on the o 

^ anfi-le is 1 '‘T’”P*'°«that 

away from the vortex m “ 
Pi’oxiination. ' *P- 

C2) They do not take into 

^^ncl conditions that Tay't^;" 


--viiwn IH, f 

^2, Generaf 

P^ederal Air ReguiatiooX mu ‘^‘’"tained in 
^pes of chechs which can h several 

■« u«uw„t acei,racTftrp‘f?°"”‘^ *» »- 

aecJcs, current data for a those 

^■*^ 6 Quincies, snppifirt • station 

Mantlfi Vo’ute "Xa 

‘'a»al PublJcti™ aavl*,. 

10--20 


SacWon III. I!E«IV6R CHKKS 


, Stotr: 5 ,^™ 77 aide™hi„. 

(S) To deteruTe T, »«“■ 

the aircraft must rowM 

fly abeam the sM™ h “• “ "■“' 

■■oiuired tor thf»? " I™"!* »» ««l« 

reading. ^ao course selector 

( 4 } T 1 i 6 bGavf'nry 

course selector Suv)'”’”*'' *'’ 

lowed to var^ froi »'• 

degrees is used as fl TV, 

venience. ^ ™^thematical con- 


’^'3. Ruiltalad Tea, Signal 

^ ."^uipment installed at w, 
niits a continuous test airports tram- 

r"* on the airport *«y 

primarily as a ground designed 

!«ent is also usable at 

^n flig-ht over the airLrf P^f ^ altitudes 

using the radiated taaf • " Procedure for 
^«<=eivers is CVOT) to cheS 

“■^oethedesiguaWfrcuepcv, 

«‘ 0 ” lor the Proper identllicatiou; i,e., 

ago BUBA 
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either a continuous series of dots or a continu- 
ous 1,020-cyele tone. 

c. Check for the disappearance of the OFF 


d. Set the course arrow to either 180 or 0 . 

e. Check the reaction 

f'ator If the course arrow is set on 180 , tne 
indicator should read TO. If ^^ow 

is set on 0°, the indicator should read FROM, 
f Check the deviation needle. It should he 
centered. If the needle is not centered, rotate 
the coarse selector until the ^^eedle centers If 
the coarse selector does not have to be rotated 
more than 4° in order to center the needle, then 
the equipment is within tolerance. If the needle 
wm not center within a 4° tolerance, the equip- 
ment is unreliable for instrument flight. 


10-14. Other Ground Cheek 

Not all airports have equipment for radiated 
test signals (VOT), However, many airports 
have Omni stations situated nearby from which 
selected radials can be used for checkpoints. 
Data pertaining to the certified ground che^ 
radial is published in current navigation pub- 
lications. In the illustration (fig. 10-18), the 
120° radial from a station passes directly over 
the end of runway 9. An exact spot is marled 
on this runway. The aircraft is taxied to this 
spot and the receiver check is performed in the 
following manner: 





Figure 10~18, Ground receiver check {VOR). 
AGO SUSA 


a. Tune the designated frequency of the sta- 
tion. 

b. Listen for the correct station identifica- 
tion. 

e. Check for the disappearance of the OFF 
flag. 

d. Set the course arrow on the specific radial 
for the check. 

e. Check the reaction of the to-from indi- 
cator. If the correct radial is set under the 
course arrow, it should indicate FROM. 

f. Check the deviation needle for centered 
position. Plus or minus 4° tolerance is allowed 
on the course selector setting for centering the 
needle. If movement of the course selector 
within 4° of the published radial will cause the 
deviation needle to center, the equipment is 
usable. Equipment that does not meet these 
tolerance limits is unreliable for instrument 
flight. 


1 0-1 5. Airborne Cheek 

a. At airports where radiated test signals 
( VOT’s) or other ground check radials have not 
been established, an airborne check radial may 
exist. Airborne checks are performed like 
ground checks except that an 
specified instead of a designated ^ the 
airport. For example, if a prominent water 
to^ev exists within a few miles of the omni 
station, a certain radial can be 
• passes over this tower. As 
over the tower, the accuracy of the equipment 
^rS cLlkek. A published airborne che^ 

over the 

(Highway) approximately 2.6 miles easi. 
east of Love Field.” 

7, To nerform the airborne check— 

a) Tune and identify the Dalian, Texae 

(2) Set\a course arrow on 213" and 
Xek for a FWM reading. 

(3) Fly over the water tower 

; - tViA water tower, check the 

(4) When over the waM t 
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°”«Sew'' ,^"*' '''“'Vera, 
be pnn ^^tbin 4® ^ ^"^6 other 

checkl “'"‘"*e«i '•elMble t“'‘ both 

T„„„ . ‘We 

""^SSr-rof- 

7-« 4 •«“■»,•„« 

course « ®^'’cement, 

'eadjno.g urse arrow 


-^^crument arejn I’ndj. 

I'eadfn^^®'’^ course « 
reading's must k« . arrow rea/^.' 

receivers dn f 4 ® „5®^^Jus-s. These 

Jndependentjy to^^? ba^ both 

°^ab;e toJeranee. one is 

^ aviator 

"° ^'«veh 

centerhne radiaj tw ,. 

aoieeted ra^.- ? °*”’aent ^rouM^ ay. 

==SS"«';£»;5^ 


the s 

’" 2 ” W.,„, /®S) loljs, f‘»« 

the edge of n *om o4to*, ''''■’ 

«« “'fleSedTr"'? '•■ W 

C'h.OhueoafyW'ctM 'W- 

centered neewi ^ ^'eceiver j^^caatj 

^ ^'ven raS® ‘be cours? 

lO)^a fX^-r^o. examprS'^?^^ 

by setting tha ‘be needle r. ^ 1 ^' *' 

anrf seJector a ^ 

e’-''We\Z*-;”‘sovaJgnhT;/^ 

course seFon/ eeaJe tn ^ 

bsbed check ‘^^’^^^aced iqo *’« ^ 

'■cct. Fuht the needTp . 

^PPi’oxiniit f ® swine- i is«f. 

l2oZZr^ < 
cussed in accuraev f ^’^cei vtfiV 

n paragraph ‘c^eranccs tfi, 

>b« (Oh. S;.""*'- ih S“ri"“ "»■«»'.«- 

^orninff: p. win, «, 

f»«”d b/yst"/"'' "“ 

^*'0 wCaCirx: “/ »* 

J ct to chitngf. 




. ‘■ept . 
®” 8 ” 6 " 4 " /n 


Check. 
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Section IV. VOR STATION CLASSIFICATION 


^0-19. Classification by General Types 

The eenei-al types of omni stations are- 

a yolf— This is a VHF omni range. 

, ’ tVOR^A T in front of the VOR signifies 
i lUs totcd either 

on the air terminal or very neai it. 

c VORTAC— This signifies a dual facility 
(VOH an*! TACAN). TACAN is ^ 
navigation which, although stmilar to lbs VOR 
in thp XJHF frequency band. TAL-ajn 
•’’Ct bo tag used to Aiw alrctaft at proseut, 
mu and TACAN are collocated and have 

r:l:on c— ts, hut Cither laciUt. 
may be used independently. 


10-20. Classification by Reception 
Capabilities 

Stations are also classified by their interfer- 
ence-free reception capabilities with resp^ect t«ii 
distance and altitude. This classification is the 
basis for establishing the interference-f ree re- 
ception range of transmitter frequencies. The 
following data shows station classification with 
maximum reliable distances and altitudes. 

Reitahi^ 
Maximum 

12.000 ft, 

15.000 ft, m^irl 
up to 45,000 ft* ms-l 
above 46,000 ft, 

Note Classification of stations is subject to 
Current operational publications should be 
for the latest information. 


Station Maximum 

ClasstficaUon Reliable Distanee 
»r_VOIl 2B nautical miles 

L VOR 40 nautical miles 

II ^VOR 130 nautical miles 

100 nautical miles 
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CHAPTER n 


radio direction finder 


n-1. General 

The radio direction finder is a 

J eit determine th. b-in. to he r.d o 

tr«.»mntiM iM 

perpendrcidar to the et whleh no t; 

Zm^ U re-ivf je calW the t; 

dlSniSireetion to ; 
finding (ADF) “wcTeen either 

ie conetructed eo thM the a«tor 

Zr a, to a nS or operate the 

Zeiver in the autematie poaition and read the 
tZrumant indicator needle aa the loop ^■ 
ZZllv determines the null position. A l*a^ 
Z to L transmitting station «n be read 
frL the indicator face by either method. 

N»fo The bearing to the station measured clockwise 

rs “an ^Vr.:: 

r."ly (par. 

U-2. Components of the -,P\ 

Automatic Direction Finder (ADF) 

The ARN-69 is the standard automatic di- 
re®™ unto receiver set in moat Army am- 
craft* The components of this set (flg. 

®rTh?re“7ar. which is an IiF/MP radio 

receiver* ■> 

b. The loop antenna, which ia directio^l 
(par. 11-1) and consists of an iron-core lo p 
housed in a sealed container. 


c The sensing antenna, which usually is a 
lengtl rf wire running parallal tc the fuselage 
of the aircraft. 



receiver 



LOOP ANTENf^A 



Figure H-l® • ABN-S9 co 7 ftp<menea. 
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, VOLUME. CONTROL - 

'RJNtTION fevyiTCH 

■TUiviNG Meter; .VV i 


pritn/iry Jvulio naviKutionni f 
ting Htation i.aod with th S?' 
receiver ia the homing beac^j 
LF/MF ],omin,^ beacon ill 
iv noiKlirootienal beacon, radial' *"* 
compaan locator, or a ioj^? 

claasincd by power output, as 'fo2 


€mmK 

CWTROl PANEL 


tOOP^ SWfTCH 




>cAm 


\ 




. ilv: f.l 

mpex ■ 


jRaiiio 

cta»9 

L 

MH 

H 

HH 


roiynr 

(itxiOit) 


hi!. 




M: 




Contfnued. 

Tfe« c©»tro3 panel, which is used for tuning 
K-msw and for selecting the mode of on- 

ismL ’*• 




1* 


i® compass indicator (also called 
ABF jndseator), which consists of a com 
an aaimuth indicator needle (point 
**« * card rotation knob (labeled vIrI' 

* Op«roHon 

" can re- 

' {,,750 kcl 090 

» o*tr„l from 19“ 


Loan than 2fi. jg 

26 to less than 50. 26 

60 to losH than 2,000. gfl 

2,000 or more. 

(2) Other tmmmiiters. In nddifio 

hmning bcMo., tra.Mmlltol" ™ 

stations iisablo with the AHN m 
ceiyor are commercial broadcast 
. stations, radio marine beacons, 
low or modium frequency tni 
ters operating i« control tU, 

other eommimlcatlons inatallatloiis, 

c. Tunmg. Inaccurato tuning to a atatl 
frequency may cauBO tho azimuth !.n,i 
fluctuate, malcingr accurate Intorprotatlon! 
bearing difllcult. The procedure for atl 

f selector knob in th 

^NT (nutenim) position. 

balnf 

tJni ’ f the transmit 
ng station broadcasts on aio kc (.81 

S*S^rAlf/ 

ttie dbfl 0" 

tiflcatloi ^ ^ 1*^0 tho station idea* 

slight ® Make 

til the with the crank un- 

til the atrongost signal is heard. 

^*^*'^*^*^” k:nob to the 

^ (compasa) position and make 
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further slight adjustments with the 
crank to obtain the maximum deflec- 
tion on the TUNE TO MAX meter. 

(6) Adjust volume to desirable level. 

(j. Beat Frequency Oscillator {BFO) . 

(1) Function. Certain types of radio sta- 
tions transmit an interrupted but un- 
modulated radio carrier wave which 
is inaudible unless the BFO switch 
is turned on. The beat frequency oscil- 
lator converts the inaudible keyed (in- 
terrupted) carrier wave into an audi- 
ble, intelligible sound. (On some ADF 
receivers the BFO switch is labeled 
CW.) Stations transmitting a carrier 
wave signal are common in Europe 
and other oversea regions. The over- 
seas navigation publications indicate 


these stations w’ith the classification 
“A-1 emission.” 

(2) Tuning. While tuning with the BFO 
switch, a continuous monotone is 
heard until the station fre<iuency is 
approximately tuned. At this point, 
the monotone fades to a null. A peak 
tone exists on each side of the null, 
but the strongest signal is received 
from the peak on the lower frequency 
side of the null (as indicated in the 
dial window). After the set is tuned, 
the BFO switch is turned off for nor- 
mal operation in the COMP position. 
For operation of the set in the LOOP 
position (sec. Ill), the BFO switch 
is left on so that the signal can be 
heard. 


Section ll. AUTOMATIC DIRECTION FINDER FLIGHT PROCEDURES 


11-4, Orientotion 

a ADF Indicator {Radio Compass). The 
,adio compass indicator (flg. U-l®) usuaUy 
is used with the ADF receiver to determine di- 
rection to the transmittting station. The com- 
nass card (indicator face) can be rotated man- 
ually with the VAR knob on the indmator head 
to facilitate postition fixing on airways (par 
ll-7a(4)). Normally, however, 
with 0“ at the index (the small mark at the top 
center of the indicator head which represents 
the Tiose of the aircraft) . 

b. Relative BeaHny. Standard ADF flight 
nroeedures are based upon setting 
under 

wise, the relative bearing may 
ADF indicator as degrees “ ®"|t„twiae 
nose, i.e., a relative I*”™ ,5“,X"se. 

is equivalent to a bearing of 

. (1) In figure 11-2 the relative bearing to 


the station is 060® regardless of the 
aircraft heading; i.e., the station is 
60° right of the actual aircraft head- 
ing. To determine the magnetic di- 
rection to the station, add 60° to the 
magnetic heading; i.e., at point A, 
figure 11-2, the magnetic heading is 
080°, the station is 60° right; the 
magnetic direction to the station is 
090°. The magnetic directions at 
points B and C in figure ^ 11 
2 are 160° and 350°. respectively. 
Once the direction to the station is 
known, the aviator can orient his air- 
craft with respect to this station. 

iTio-iire 11-3 depicts a station 330 ^ 
right of the aircraft heading (060° > . 
In this situation ^tisTnore practical 
to interpret the indication as SO left 
of the nose, although the relative 
ing is 330° right of the 
the magnetic heading of the aimra^i 
is 060°fthe magnetic direction to tli^ 
L computed as 030° Iv sa^ 

Sting 30® (left of the^)f-« 
the magnetic heading of 


AGO 8U8A 






TM 1-225 


11—5. Homing 



Plying toward a station by keeping the nose 
of the aircraft oriented toward the station at 
all times is called homing (hg. 11-4) ; i.e., main- 
taining a constant relative bearing of 0°. After 
the aviator determines the direction to the sta- , 
tion (par. 11-4), he homes to the station by 
turning toward it until the ADF indicator reads 
0° (A, tig. 11-4) . If the azimuth indicator 
needle drifts off zero, the aviator turns the air- 
craft toward the arrow (the station) until the 
needle returns to zero. With a crosswind, the 
path flown (track) will curve (B to C, fig. 
11-4) . As the aircraft approaches the station, 
the ADP indicator tends to fluctuate because 
of the strong signal. The aviator should esti- 
mate his close proximity to the transmitting 
station and not “chase the needle.” Arrival 
at the station and station passage is indicated 
when the needle swings through 180° (to 180° 
in D, fig. 11-4) . 

11-6. Tracking 

Tracldng is the technique of flying a definite 
path (track) into or away from a station. The 
correction for wind must be determined and 
applied to remain on track. The method for 
g^pplying drift correction variea slightly foi 
slow-speed helicopters because with slower air- 
speeds the wind correction must be sreater. 
Both the usual tracking technique and the 
technique used on slow helicopters are illus- 
trated in figure 11-5. 


Fiotiro ll-S. liolativo hcadna read left of noae 
poBition, 

c. Stminai-v. The procedure for ADF orien- 
tation is summarized ns follows ; 

(1) Tunc and identify the station. 

(2) Prom the ADP indicator, determine 
the number of degrees left ^ 
between the station and the aircraf 

heading. 

(3) Add the number of degrees right o 

^ the heading or subtract the number 

degrees left from the heading to d 
termine the magnetic course to the 

station. 


a Tracldng Inbound. ( (A) , fig. H 5) • 

' (1) Foint A. Aircraft Is ™.touad on a 
track ot 360*. heading is 360 , and 
ADF indicator reads 0°. 

(2) Point B. Crosswind from the left has 
^ ^ cared the aircraft to drift off course 
to the right. The ADF indicator reads 
366”. BO the intended track is 6 to tUs 
ipff Normally, a correction in head 

fllG st-9<tlOn. lirtri 90° rfc"F 

(S) Point c. The aviator applies 20 of 
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m 


toireetioji to return to the desired 
The heading is 330°. This 

.1 r»A O _ j ♦ •m 


track, zne neaaing is asu”, TJiis 
.‘^iandanJ 20° correction wilJ I'eturn 
the aircraft to the desired track unless 
tfie wind is exceptionally strong. After 
mrning to the 330° heading, the A0F 
indicator reads 015“, which indicates 
that the station is 15° to the right of 
the aircraft. 

f-3> Point D, The aircraft has returned to 
the desired track and the ADF indi- 
cator shows the station 20“ right of 
the nose. 

(5) /Writ E. Once on track, a new head- 
ing of 340° is used, which incorpo- 
rate.s a 10“ trial drift cori-ection to 
compensate for the crosswind from 
the left. The ADF reads 010°, indi- 
cating the applied drift correction. 
From this point to the station, the 
aircraft will remain on track if the 

t nw.i ;n*this para'irranh'*'”*. dis- 

•kw airspe«|. However, for heljW. ''“'‘“''’'’J' 

»« at aiiapeeda romn.v.fc . . operat- 

ffduPM in e “ airplanes, pro- 

tack oi 010 -T‘'a?'' ™ It 

^ ADFtadieator’S'SV'"®"’ 

^ btowshelfc™p™o«c^‘^°” 

^ desired track K to 

P0m^ B. Th« hr.1* ^ • 

'fe««red track with ^ ^ 

Wt Of tteCe ?a^f 
wt’ofano*). ^^^®Jativebear- 

<&) mnt^.The’ new wa- 

incorporates a 15 ^* ®25“ 

,“«> to oompeaalte fcr a 

fr^sn the right. ®*‘03swind 


■j 


c. Tracking Outhound (/ijr, 
dures for tracking jni(I>()ii,„| P% 

inbound procedures {ii.s<‘ii.4.sc(| in „ 
except that the aircivifl |„i] fAn? 
reading of 180°) i.s tJio refonn,<,o '"'•icst(, 

(1) Foiiif A. Aircraft i.s ontij!' 
track of 350'’; A Dp i,,,]! 

180“. ' ^ ,,4 

(2) Point B. Cro.Mswiii(l f,.„„, . 

blows aircraft; oif i,„ni.j,o . J ‘''tH 
ADF indicator road.s 175'> ® 

(3) Point C. The .standard 20° fn,., 

>s applied up^^'ind to roluri i!"?’ 
craft to track, This incmiM (llT 
viation of tlio AIIP imi.v.r,™* 
to the right ,.t the (ail br'ao''? 

the ADP Ipdirator rea,l,H wV 

®ptta ,“ix *• «■ 

(«) T"t toll) ' 

) Point h. The now lioading of 0° in 
corporates a 10*^’ trial fh-iw 
to compensatn ffi,. i i ' * ^ <'on-oclion 

Inadequate Initml / .. 

n-7i]lustratesprocot 

adequate. <=»n-ection is i„. i 

“’Ssr,slr“-S5 

f.^0l>0^ nn^wC 

tion for ( V.O r,, ^ correc- 

(3)Pof"trThe 

the aviator Lr*"' atroiigor than 

craft has drif to ?‘^*tiated and the air- 
i-e.> the ro laH 
from 360° 

left). ^®ft) to 866° (6° 

(8) Point C Ttio „ ■ a 

ing of 110“ to a head. 

tADl* indicator reads 
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^ ww VO 


) to return the aircraft to fi,^ ^ 
sjmJ track at point D. ^ 

S s J Fomt A'. After retumfnr. * x 
aviator turns to a 

^’•hich allows drifr^'”^ 

the wmd. If J ., “ correction for 

prevents the aircraft strong wind 

to tm-k by „a,„g " ^tufoine 

aviator should ft,, /°^^eetion. 

Upon rp.w. * ^ ® correc- 

>“i« ihb ‘“'k 

«<iwtor will reart ABP 

«*»< oj the aes^ ?, *“ left or 

retoterceptlon till" 

^uld try a 20° dri-ff Aviator 

S'ta”tb‘° 

^ wind conditions. ^ 

^ »-8 fflustrales 

»*«' eettottioa (a the 

foft rwv '* i^ h I.1- 

correction to reL^ ® r* 

remain on an ?*■* 


putbound track of 2700 o’hA * 

hfa alow aira|„o,l (1, nfvV”*”" 

relative bearini 1,?,!, 

aoojoftof ihe(n,i}'° ^ 

(heading 270''1 i *1? ‘ 

‘»^'owUliht£w-thew,rtc, 

tiesill? traoh w! Ih"'’*” i*” °” 

Of 180°. ' “ wlative bearing 

(^) Point E 0’h« . 

Ins of 260° ni"‘"' "‘’'"“‘s « tod- 

^^on) siner. fi, correc- 

correction (2Rr«'' f 

^reat was too 


^ote, The 

bvackeu^^^* practice " A I""® ‘•“^«'> ‘ho tracking 
t"“hnique^ P*-°«<»dure to sattfl «'>«« ‘J*® 

^ *>*8 I'orticular flight 
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Vi -7 Position Fixing (Fixes) 

With the ADF receiver a„aj'o‘ »» 
bearing as a second line 

intersection of these two cha rn^?ameth- 

approximate location of the flicht train- 

„rof poeitlon wng can 
ing without drawing any lines on tne cna 

example — 

(1) in f'«“« “ “Tm a to*'”* 

«rCaifc?lhaeb«nmataWn^ 

tag the track In a no-wmd 
Ahead of the aircraft « ^ 
point (the triangle) report 

tor must fix his ef the 

to air traffic control. A 

navlgaUon chart ehowtt^^^ 

to station B Is 120 ^ sta- 

ing point. Since the a, 30<* 

tion A is 090% there win he 


difference between the heading to sta- 
tion A (090°) and the radio beanng 
to station B over the reporting point 
(120°) ; i.e.| at the time the airerait 
arrives over the mandatory reporting 
point, station B will be 30° to the 
right of the nose of the aircraft. If the 
aviator tunes station B on the Apt 
receiver, he will be over the reporting 
point when the ADF 
a relative bearing of 30 . 
riving over the reporting point, the 
Siva bearing on the iadlcWr will 

be less than 30°. n mx 

rf>\ Tn a similar situation (ng* *, *'’'1 
IL aircraft is holding a heading of 
‘"eVTtrack inbound on W" 

plied drift correction of 10 HK 

ference between tlwffieaawg «« 
bearing to station B) 

11 11 illuslratea three 

ii_i 1 
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REPORTING 



Kjiuon with respect to the aircraft, 
At the repiirling point (point B), 
fmure n™U0 depicts the instrument 
when the station is 45° left 
11-11® depicts the 
tat»„^Meftofthetail;and figure 
depicts the station 60° right 
ffie tail, 

rne p<«,ition of the aircraft over a 
reponmg point may also be fixed by 
rotating the compass card with the 


— - pv, „xx»i, tne aircraft head- 

position), 

^raft 

I Intersection 

(point B) when the ADP needie in- 
mates the published bearing (120®) 
to station c. This method eliminates 
the need for computing the angle be- 
tween the heading and the station 

abo've)!'^ <fl)» (2), and (3) 


WIND 
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™ .rr c sose, at «««.« 

R,»r. «-«©• ’■»>»■'•* 


6. Position FiM*9 ’'J.'f*’* wod’^lS'can aniolt- 

H an aviator io « Navigational 

ly determine his . n - lv/-/mF radio 

chart when there are a e , j distance 

transmitting stahons Within reeept, 

o£ the ADF ^^\r„Nentation (par. 

one station is ^ „g a line of posi- 

XM) and plotted on the chart seal 

tion (direction from the station 


craft) . The '^^Ns^NmNhraNd'' pNS 

mate location of the a ^ position 

ference of 30° between 

usually IS ^ore accurate is the fix. 

this angle IS to 90 th in 

T'Vift rolstiYB bB&rinS « 

uNd « form a more accurate fix. 
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I60»<60* RKSHT OF TAIL) AT REPORTING POINT 
Figure 11-11^ ■Continued. 
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ift t -iiii; !«•'« »f| a - A), he t„ ill^ 

4*i,.T!«;ai*! Jeft ,, i,' sittlafi the 

fs^.il»t til Thi^‘‘ fOSO”) .1 ‘o 
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I IVj'I'V. I 

o^r the UU aso-, a, ,7”"-"®-=— 

Ily. of a35- or 226.. wL /th '"torcepMo,, 

, to “expedite" the interrenr'^***'*®®*® “^“al the de« 

tor I# to intercenf tuJT the avia- », r, 

IKsssfesifaJe, Therefom f as soon as • 

tn.ek *o inte^cep? 

»«to* the aSSd^. t tht' ‘■’“Ok. the p 

11-ia®). “"‘^‘* «“ wtereepUon angle fe® ha uae 

■ bounrf frx 04., 


.. “me of track 


C,?eTJiT?„;'X« "’“ “ 

is dir^cS tTSHT « 

is uneertai« ^ ^ ®P®cIfic 

track, the proe "..f location c 

»iay be used The ?■ '^®i»J,eted In figure 
bound to stotion Y at point A ] 

ing- to the fliLt iLr ^ ac 

aviator- to tra1>k^*l!If* ^^^ect 

station Y. AJthouirh “ track of 071 

ffb he Is uncertain of his ] 
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■i.' ^ tui-Hii vpsTiect to station Y, he can 
SS himself by first turning parallel to the 

:S«Htlon t' After paralleling the ^e- 

+ o/rV Cnoint B), he observes the ADF 
aired tiack (P ^ ^ ^ l^nows that 

l.ai=ator.s deflected to the ^ 

Inhe ahcrafttif to the left, the track and sta- 

frark is to the ngni. ine Avia n 4 - 
a heading of 120° to intercept the desired tra 

at the standard 45° angle. 

cDouUe-the-Angle Method. 

11-15) for intercepting a definite trade 

as follows: 

(1) With the ADF receiver tuned to ste- 
tinn Z. determine the angular differ- 


ence between the aircraft and the 
desired track. If necessary, turn par- 
allel to the desired track to determine 
the angular difference. When the pres- 
ent position of the aircraft and the 
desired track are known, a turn to 
parallel the track may not be required. 

(2) Double the angle derived in (1) abov 

and «ce the product as apinterceptjon 

angle. At point X of figure 11-15. the 
angular difference of 30° produces an 
interception angle of 60°. 

(3) Turn to a heading which will f ve the 
desired interception angle. A Reading 
of 135° intercepts the inbound tr 
(point y. fig. 11-lB) of 076° at the 

desired 60° angle. 



STATION 
, X 



Figure 11-U. Truck mterception from an unknown position (ADF). 
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T1 i 6 IQ 4-1, 

ception when the ADF 

of 300°, fig, ii_i5) bearing 

?w XYZ (fig 11 IK n 

that the leg flown L • a shows 

point X to point V from 

to the remaiSn J f ^^«tonce 

therefore, ^rSp ^ to Z; 

to % the rem’ata^; ed 

disregardinir winn °,toi Y to Z 
advantage of thp ^?"^^tons). An 
<^ouble.the-angIe 


•ihe-angle method UDF). 


tion TVii i time to the sta- 

cessfuily whL^ the^^^^ ”f 
between tZ ^ ‘’^'tonce 

track is o- the desired 

doubling such ^ because 

t is effected V.; 

tercention^^ station, the selected in- 

than aXltet:''* "r ^ 

vent t..o , . the wind may pre- 
able time, in a reason- 
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Section III. MANUAL (LOOP) OPERATION OF THE ARN-59 


H-9. General 

The radio compass (AIIN~59) may be oper- 
ated manually for navigational use with the 
selector switch in the LOOP position. Manual 
operation may be necessary when the signal 
or indicator readings received in the COMP 
position are unreliable. Navigation procedures 
Le the same in the LOOP position as when 
using the COMP position; however, the azi- 
muth needle is positioned manually by the loop 
drive switch to locate the null by sound. If the 
switch is moved to the right, the indicator arrow 
moves to the right (clockwise) ; if the switch 
is moved to the left, the indicator moves to the 
left (counterclockwise) . An aural null (mini- 
mum reception) results when the plane of the 
loop antenna is perpendicular to a line from the 
station. 

n-10. Orientation 

Orientation procedures used in determining 
direction to the transmitting station are ex- 
plained below. 

tt. Tune and Identify the station in the ANT 
position. 

b. Move the selector switch to the LOOP 
position. 


c. Move the loop drive switch and \^sten to 
the signal. At some point the signal will fa e, 
this is the null position. As the 
the azimuth indicator, the signal will build on 
each side of the null position. Ideally, tbe null 
should be no more than 5° wide , 

the ADP indicator. For example, if the signa 
begins to fade when the indicator reaches 120 

and immediately builds up again at 126 , Ln 
null is reasonably narrow. Normally, a well 
defined null can be obtained by increasing the 
volume. After the null is definitely located, th 
azimuth indicator needle points owar 
station but the indication is ^^^^iguous, i.e., 
the correct relative bearing may be either 
end of the indicator needle. For f ample, when 
the arrow points to 120° the ^^Jative bearing 
to the station may be at either 12 o 
ciprocal, 500®. 


d. To resolve the ambiguity, rotate the loop 
manually until the azimuth indicator needle 
points to 090° or 270°. Turn the aircraft right 
or left until the signal, which increased in 
strength as the azimuth indicator needle was 
rotated again fades to a null. The station is 
then either to the left or to the right of the air- 
craft. Maintain a constant heading until the 
aircraft flies out of the null; depre.ss the loop 
drive switch again and relocate the null. If the 
loop is rotated to the right to relocate the null, 
the station is to the right (clockwise) of the 
aircraft; if rotated to the left to relocate the 
null, the station is to the left of the aircraft. 
Procedures for resolving ambiguity are illus- 
trated in figure 11-16. 

(1) At point A, the aviator has located an 
aural null on a heading of 270°, with 
the azimuth indicator in the 0°-180® 
position. The station is either directly 
ahead of or behind the aircraft. 

(2) At point B, the aviator rotates the 
azimuth indicator needle (loop) to the 
090®-270® (wingtip) position, which 
causes the signal to rebuild. 

(3) At point C, the aircraft is turned until 
the null reappears at the wingtip posi- 
tion (heading 0°), indicating the sta- 
tion is either to the left or right of the 
aircraft. The aviator flies this head- 
ing for a short time and the signal re- 
builds. This indicates that the aircraft 
has flown out of the wingtip null. 

(4) The null is relocated at point D by 

rotating the azimuth indicator 
10® clockwise to 100®. Therefore the 
station is at point X 100° right of the 
aircraft heading of 0 . 


n— 11 . Homing 

brfirst locating the 

then turning the ,, ,,, 

nose position. If the the direc- 

null position, the ® . j or right 

tion of drift by rotating the loop 
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,, ..Plocate the null (par. ll-lOd). The aviator 
Sen aircraft until the null Is again 

fUp nose position and repeats the procedure 
until in the immediate vicinity of the station. 

b. To determine arrival over the station— 
(1) Estimate the time of arrival ac- 
curately. 


(21 Prior to arrival, set the azimuth in- 

^ dicator on the win gtip position (090°- 

270°) with the loop drive switch to 
receive a strong signal. 

(31 As the aircraft flies over the station 
(or abeam the station), a sharp null 
of short duration will be detected. 
The time that this null occurs is the 
station passage time. 


n-12. Tracking 

Aural null tracking procedures are i<ientmal 
, nil those used for ADF tracking except that 
the aviator must manually rotate the loop to 
determine the null position and relative beai- 
inir In tracking toward or away from a ata- 
£ (nuH 0" or 180”), drift Ic indicated 
L movement of the null from the nose or tal 
£itlon. For example, U the aircraft drifta 


off coui’se to the left, a 20° correction may be 
made to reintercept the track. Procedures are 
as follows: 

a. Using the heading indicator, turn 20° 
right to intercept the track. Set the indicator 
(loop) to 20° left of the nose. 

b. Continue on the same heading until the 
null reappears at this new setting (20° left of 
nose) . Aircraft is back on desired track. 

c. Turn back toward original heading by 10° 
and relocate the null (10° left of nose). 

d. If original correction of 10° is exce.ssive 
or inadequate, make additional corrections of 
5° (par. 11-6). 


n-13. Time and Distance 

In remote areas, the aviator may, if neces- 
sary, estimate the time or distance to a radio 
beacon with the ARN-59 by following the pro- 
cedure described in paragraph 10-llc. The 
bearing change during flight is observed on the 
ADF indicator. Time and distance estiroat^ 
with the ARN-69 are less reliable than with 
theARN-30. 


Section IV. 


direction finding (df) stations 


Tl_14. General 

A wide network of DF stations exists in this 

country and ovcraeaB. Many “"‘'o' 
equipped with DF radios operating m the VH 
and UHF frequency bands. When ^ 

radios are inoperative or the j(je 

nearby DF station can be requested t p 
the aviator with a DF steer. 

11-15, Station Capabilities 

DF stations provide steers for 
selected VHF and UHF channels. 
is available for operation during norma ^ 
ing hours at most stations and usua y ° . 

minute notice at other times, \ Tiit** 

navigation publications for tms ^ 


equipment has au effective ''"if 

„1 approximately X00 m.l.j 

r-^rth^fio — 
ru^rrsrart^rssjuaed 

when an emergency occurs. 

11-16. Typical DF Steer 

The following is a typical DF homing p 

“TlUor tunes a specific DP frc<l»enc, «s- 
i„,the ABO-65 ,,0.ir„. 

emergency steer) over. 
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J': r.iffoji roj)li<?.s, “Army 75088 , Cairns 
r, ; r.s?! -rri!* for steer, over.” 

A. ref)Jie.s, “Army 088 , Rog'er.” 

‘ 4 . .!“• f Tht n <?eijre.s.ses the mici’ophone but- 
\ f r 10 seconds.) 


e. DF st/iiion ronliov, «.„ 
to Cairns, over." ’ 088, 


out. 


/. Avmlor -..tanvlcte,, "A.,., 


I'lC 




Subsequent corrections to o . 
can be provided «« noceasni-y. 
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CHAPTER 12 

RADIO MAGNETIC INDICATOR (RMI) 



12-1. Components 


A radio magnetic indicator (RMI) (flg- 
12-1) consists of a compass card, heading in- 
L and two arrow pointers. Indicator read- 
ings enable the aviator to determine simultane- 
ously (1) the present magnetic “mg 
aircraft (2) the direction to and from tne 
Si Uich the .umbet 1 
is tuned, and (3) the direction ^ and from 
the station to which the number 2, pointer re- 
ceiver is tuned. 

a. Compass Card. The compass card is actu- 
ated by the aircraft’s compass system; it is a 
Lmote indicator for a compass system (ex- 
nlairetl in TM 1-215). When working properly, 
ehfwe the correct maghetic head.ae 

under the index at all times. 


INDEX 


COMPASS 

CARD 



Figure U-l. KMJ components. 


Note. Failure to synchronize the 
rectly with the magnetic compass 
touting factor in several aircraft accidents. 

h. Nu,aer 1 and . Amo^ vS « 

two indicator arrowa are “*““*“*. ol 

ADF radio receivers. Each arrow is capable ol 

fndLtta the direction to " 
a low/medium frequency (L/MF) _ 

Honal tocon, depending on wl-te" 
been coupled with the indicator, 
craft there are several possible " 

rangements. By using selector 
the number 1 or number 2 arrow be 

coupled to the VOR or the ADF receiver. Some 
aircraft have dual VOR or dual ADF receivers 
Xh permit tuning of two VOR’s or n^i- 
rectional beacons simultaneously, with dir 
to s of both stations shown simultaneously on 
to RMI. Information on coupling arrange- 
mente for specific aircraft types and models 
Tan be found on each aircraft operator’s man- 
ual. in this chapter, reference to station 
her 1 and station nnmber 2 applies equally 
the VOR or the L/MF station. RMI flight pro- 
eL;^ are the same lor either type ^ • 
(except during a compass system failure (par. 

12 - 6 )). 

12-2. Orientation 

a. Using the RMI an aviator can orient him- , 
self instantly with respect to a station. When ^ 
the receiver is properly tuned to a station, the ^ 
head of the arrow indicates the magnetic di- 
rection to the station. The tail of the arrow i 
shows the radial on which the air ci aft i 
cated. The readings on the RMI face ( (A) . ; 

12-2) show an aircraft on a heading of 280 
located on the 120“’ radial from station number . 
1 and the 240” radial of station number 2. ihC: 
aviator uses a navigation chart to visuahze ai 
specific radial from a station. (B) of figurej 

12-l| 
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f rrf ^niphica/Jy the readings shown 
fiu:e in (A) of fijgrure 12-2, The 
" < r: r'^fiBhsts of two procedures; 

2 f Tl/u?? and identify a station* 

T *,:) the tail of the appropriate ar- 

r> w, read the rad/a/ on which the air- 
rraft in located. 

^ y the concept of a radiaJ used 

■v’ V X re>r<.<J«ros (cJi, 10) jnay be applied to 


ADF ni«rht pniccMiun.N. Thut i 
sidercd n« a iaaK.mU,. 

&. To /ly cliroody ,0 
turns the nin-nifi. «i6 

penter. A» H,„ 
pass card and U,« |io(„l„,. 


headinif iiuiox. VVlion Uio 
i-aachea tl.o lira, I, »f fc ^ 


headed direelly «)• 

s‘«hon. 51, 
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when operating properly, always shows the 
magnetic direction to a station. 


12-3‘ Tracking 

a Inbound. When tracking inbound with the 
RMI the desired magnetic course to a station 
Should appear under the appropriate arrow- 
head Figure 12-3 illustrates a tracking se- 
quence using the same tracking techniques dis- 
cussed in chapters 10 and 11. 

(1) Point A. Aircraft is on course with no 
drift correction. Heading is 0°, EMI 
indicates 0° (180° radial). 

(2) Point B. Left croaswind blows aircraft 
off course 6° to the right. Heading is 
still 0°, but RMI is now indicating 
356° (175° radial). 

(3) Point C, Aircraft turns left 20° to- 
ward the intended course (heading 
340°). This heading is held until back 
on course (point D), at which time 
the RMI indicates 0° (180° radial). 


(4) Point E. After returning to intended 
track, aircraft turns 10° right to a 
heading of 350°, allowing 10“ dnft 
correction for wind effect. RMI still 
indicates the course of 0° (180° 

radial). 


b. Outbound. While tracking outbound the 
aviator observes the tail of the arrow to de- 
termine whether he is on the correct radial or 
has drifted off course. When using either type 
of facility the aviator can consider the tail ot 
the RMI needle as indicating the radial on 
which the aircraft is located. Figure 12 ' " 

trates an outbound tracking sequence employ- 
ing the initial correction of 30° used for slow 
helicopters (chs. 10 and 11). 


12-4. Position Fixing 

a. (A) of figure 12^-5 illustrates a navip- 
tion chart presentation of a VOR intersec ion 
as it normally is published. Intersections using 
VOR radials are published with the radial pass- 
ing through the intersection. Arrival o^r ^e 
intersections is easily identified with the . 
(B) of figure 12-6 illustrates the RMI riding 
using the VOR intersection as a position fix. 


(1) The number 1 arrow is pointing to the 
VOR station ahead of the aircraft 
(station 1). This station is being used 
to maintain the airway track. 

(2) The aircraft heading nece.ssary to 
maintain this airway track is read 
under the RMI index. 

(3) The number 2 arrow is pointing to an 
off-airways station (station 2) used 
to fix the intersection. Since the navi- 
gation chart shows the radial from 
the station, this radial (305°) appears 
under the tail of the number 2 arrow 
when the aircraft arrive.^ at the inter- 
section. 


Note. If both station number 1 and number 2 aro 
YOU stations, and if the aircraft is equipped with only 
one VOE receiver, then the aviator maintains the air- 
way track by flying a predetermined heading and tunes 
the receiver to the off-airways station to fix the inter- 
section. 


b. Figure 12-6 illustrates a situation similar 
) the one in figure 12-5, but the intersection is 
ased on an L/MF facility. Therefore, the bear- 
tig from the intersection to the station, rather 
ban a radial (direction from the station), is 
hown. The arrowhead is read to determine the 
nagnetic bearing to the station. The aircraft is 
naintaining a heading of 305° to make good 
I track of 295°. Regardless of the aircraft 
leading, arrival at the intersection occurs when 
;he number 2 arrow points to the desired bear- 

-a rx ^ V 


-5. Track Interception 

1,. If an aviator, using the RML is dir^ted 
intercept a track other than the ‘s 

>sently following or crossing, he visualizes 
> position of the desired track with refer- 
ie^to the radial on which the aircraft is 

asently located. 

D, A o« igui'e 12-f raSi 

m with the aircraft located on the 300 raciiai 

a heading of 020°. If the aviator is m- 

ructi to tatercept and trank outbound on 

e 270° radial, he will— 

(1) Determine his present location from 

the RMI face (300° radial). 
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figure i2^s r . 

cocking inbound 


E 


C 


A aavn557 
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B. HEADING 040°. 
LEFT OF 040° 
RADIAL. 


C. HEADING 0700. 
, >. BACK ON 040° 

RADIAL. 


(NUMBER 2 ARROW 
NOT SHOWN) 


STATION 


A. HEADING 040°. 
ON 040® RADIAL. 


Figure 


Tracking outhoundr iBMD- 


12-S 
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i'oaitwn. fixint 

<21 Determine the location of fi,„ ^ . 
*^ial ( 270 »). The 
eounterelockwise from 300 » 

, 3 , poaften!™* 

»«' tPn. to rC.Tyf he 

*«amtain the desired 
ssfcereeption (fi L„1 

«PWon occurr;hen ft 

(C, fig. 1^7 ® radial 

^ace of fi, 

7^^ ai^ marks at 450®.®^^ 

^ assist the aJlJf, 


naiornft is i,l,o„,„ „ 

12 - 6 . Compass Failuro 

herding?nforma£^ 

dex will be ^ttin , 
stops and remains flvti 
subsequent headintv ^ 

fleeted by the card not bi 

causes the comnass' Another type of fa 
either type failJrf ttT 

supplementary dirpn^® ^|vtntor must relj 
«etic compaL f ilZ T^ or the a 
«^ent installed in fif^”f OQ 

formation. nircraft) for heading 

>• The ItMJ a„o«.a«.,|, 
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"piguTe 12-^* 

regardless of compass failure as lo 
radio signals and instrument relay c: 
operating properly. However, the ai 
tion when coupled with a VOR recei 
ent from the reaction when couple 
ADF receiver. 

(1) If the pointei* arrow (numl 
is coupled with a ^0^ 
arrow continues to indica e 
magnetic bearing to the v 

but an incorrect heading 8 
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NON DIRECTIONAL BEACON 


MAGNETIC COMPASS 


/as 24] 

1 22 2 l\ 

ildi! 



(NUMBER 1 ARROW NOT SHW/NJ 


FijfiM’o lS-8t 


RMI convpO’SS failure ^receiver tuned to 
VOR atation). 


index (S0° right of heading in figure 
12-9) » The magnetic compass can be 
used to determine the correct head- 
ing. If the compass failure resulte in 
a fixed card (a above), the aviator 
can continue to read the ADF arrow 
using relative bearing procedures 
similar to those discussed 
11. The tick marks surrounding the 
RMI face are very useful in showing 
relative bearings of 045°, ' 

180^ 226^ 270°, S15°, and 0 (fig. 
12-9). If the compass card is driiting 



MAGNETIC COMPASS 
lu S3 1? 31 3^ 


(number 2 ARROW NCfT SHOWill 


Fiffure 12-9. RMI compass failure (receiver tuned to 
L/MF station). 

as a result of compass failure, it will 
he of little use as an ADF reference; 
however, the tick marks at 45° in- 
tervals can still be of considerable 
help. In addition, the aviator can turn 
the aircraft as necessary to position 
the needle at the index and home to 
the station (par. 11-5). 


12-9 
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PART THREE 

INSTRUMENT APPROACHES AND ASSOCIATED NAVIGATION SYSTEMS 

CHAPTER 13 

introduction TO INSTRUMENT APPROACH PROCEDURES 


Section I. INSTRUMENT APPROACHES 


13-1. Purpose 

Instrument approaches are designed to as- 
sist the aviator in landing during low ceiling 
and low visibility conditions by— 
a. Allowing movement from ® 

rourses and altitudes to a position and alti- 
tude at which the final descent on a final ap- 
preach course can be started. 

b Providing for safe descent on the fina 
appml C 0 »r,« with accurate direobonal 

Guiding the aircraft down on the approach 
path to a minimum altitude from which a sale 
faX can ho made 11 the aviator has vmual 
refer enc6 to the runwiiy* 


13-2. Instrument Approoch Procedure 

Employing a Procedure Turn 

A typical instrument approach 
coMlats of four phases; tronsfitou, 

Us. pi-ossdm twti. and piol approach. These 
are illustrated in figure 13-t. 

a, TmmiUon. The aircraft Si 

tion A via an airway from the f 
foot altitude. Since station A i _ 

located to serve as an station 

to the runway, the aircraft is c 
B to execute the instrumen PP 
flight from station A to station B 

transition (initial afrcraftis cleare'^ 

ing this transition phase, the ai 

to descend to 3,000 feet, ^ _ 

b. Outbound Leg. The _ of 

tion B to point C is the second phase 


approach. This leg normally requires about 1 
minute, but it can be extended as long as the 
aviator remains within the distance limitations 
published for the approach. Descent from 3,000 
feet down to 1,800 feet is begun during this 
outbound leg. 

c Procedure Turn. The turn from point b 
to point D is called a procedure turn. Several 
types of procedure turns are discussed in sec- 

Apm-oach. The final approach phase 

is accomplished from point 
to point F. The final approach consists of tvv 
Mrte (1) from the completion of pmeedure 
tom (polut D) to the station (point E), and 
(2) t L the statiou (point E) to the runway 
(noint F) It to divided into those two parte 
Sse iesU is iimited to a eertnm mm. 
mum altitude (WOO foot " 41 ^' Jion, 

passing the 'S normally in 

further descent to a lower am ^ 

:rrlfeet*Xvethe^am^^^^^^^ 

fal dSiVto Mo" Lt as indicated on tha 


altimeter. J^re examples 

JVei«. The altitudes us . instrument ap- 

Tll^^iilustKaf^rcraft aPProacTx- 
Figure Auuat ^ ^ of of inn. Th.ia 
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AIRWAY 



RUNWAY 


''VL 

F E STATION 

® PLAN VIEW 




® profile view 

,„.c„ icn 

caa arriv • • ««ni, 

<>nipleted straight cojidiFi 

«»ow: 

the aircraft for ^ 


** 
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STATION 



Figure lS-8. approaolu 

approach. The straight-in approach 
into two phases-final transition and Anal ap- 
proach. 

FiMl Trnmimn. ITie ‘‘f 3*’:® 

his position at the ,5'?* Jjte the 

triiTti descent along the course alined with the 

final anproach. This phase of the approach is a 
toSn blnae the airorn« is flying and 
d”Sng from an ottfor /it (the mrway m- 


tersection) to the approach fix (the station). 
Since the course is alined with the final ap- 
proach and since the aircraft continues inbound 
on final approach after reaching the station, 
this is called a final transition (par. 13 - 5 ) . 


b. Final Approach. The final approach phase 
(fig, 13 - 2 ) is the descent from 1,300 feet at the 
station to the authorized minimum altitude 
along the final approach course. The aircraft 
can descend to 600 feet as indicated on the altim- 
eter because the diagram shows the author- 
ized minimum as 400 feet (above the airport) 
and the airport elevation as 200 feet (above 
mean sea level) . During the descent from 1,300 
feet to 600 feet, the aircraft normally will 
establish visual contact and be in a position to 
complete the landing visually. If visual contact 
with the ground has not been established by the 
time the aircraft has reached the minimuni au- 
thorized altitude, the aviator executes a mmed 
apwoach (par. 13 - 12 ) at the point specified. 

Note. The term straight-in approach as used m this 
uara«;ph refers to the completion of the approo^ 
without ’executing a procedure turn. It should not 
rntifused with straight-in landing. An aircraft land 
ITlktiTal any time the landing runway is alm^ 
within 30° of the final approach course. An 
™ay execute a stra^ht-m aj^r^ch 
land. Conversely, the aircraft may execute a 
tional approach, including a procedure turn, 

land 


Section II. TRANSITIONS 


13-4. Definition and Purpose 

Note. Format, symbols, and puE- 

13-3 parallel those used in current navig 

tions. 

The term transition as 
ment approaches refers to the .. 

by an aircraft departs one 
(usually an outer fix) and proceeds J jjy 

ified course to a nearby facility or 

the approach fix) . Figure 13-3 shows thr 

tions in. a terminal area. Two o -erve as 
and CHA) are not 

approach aids; the other (ECO) « arriv- 
located to serve the airport. Air traffle arnv 


»t stations EVO and OHA must transition 
to the ECO beacon to n.nke an instrument np- 
proaijh to the airport. 

r ,o axwte a transition, is published on 
tor to execute a . . . j.„yigationpubli- 

instrument approac instrument approach 

cations. In e tabhshm^^^^^^ jurisdiction 

to an airport, transitions from 
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VOR 


a":: i"!™ ™“‘' 

tmuM puMmh&rl from VOR s/af • transi- 

»^tk:>m to a radio bpam snd inter- 

«.*■■'» f»r .he nearby atr^r'" '‘"=*'“>' 
«formaiwn published fo?' fj" 

^■rnmists of-... "®“ *he transition 


'*• t*aris®„ vi'ith tVi 

and iiHlicatad direction 

t. n..,. »"ow. 






yw a — “ 

• "««at tenth , 

feifflum authorized nif* ^ 

r fe«®e<J upon a aty,ni *“?®’ is 

fif J.0CW f j abote'^oh^f obstruction 
milm of S 1 within 

^ imprint Jflo course 

^ ^titude (at AjX"fnt^® »>inimuni’ 

“dth tha'ra,“""""»‘ 

awrport, the aviatnl ^ approach 

m wffmght in. ■ ‘^an expect to 


’• 13-6. Execution 

' fix is executed fn a wor dance ^ n ? 

delivered by the air f v m ^ clearance 
clearance may authorize a>k This 

transitions; of the follow- 

withourShrity%$)^ex^^^^^^^^^ fix or facility 

this event, the controJW / ^ “*? ftPProach. In 
actual approach clearance (hi" 

The clearance for 

^dl include a specific a Jf / ?' 

holding instructions. ^ Pssignment and 

anca to‘*axM° “P»«>“«h A* with clw- 

ia elearM L thTT"^''’ "^™‘' 

Cleared for a VOR anTt VOR, and is 

the recommended situation 

adpubliahad '» to demand to 

he tranaJtion, unlesa oulhoriscd for 

Pde is higher (par. 
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Seellon III. PROCEDURE TURNS 


13-7. Purpose 

A procedure turn ia a maneuver which allows 
the aviator to— 

o. Reverse flight direction. 

6. Descend Jrom Initial 

tlon) altitude or last assigne alb 

ifted procedure turn altitude irom 
descent on Anal approach is begun. 

> Tntercept the final approach course at a 

sufficient distance ftoT^p'roach 

to aline the aircraft with the nnai vv 

course, 

13-8. Typical Patterns 

Typical procedure turn ffl^t 

uSated in figures 1^-4 »«u*h A 

description is given for each illustratio 



a. StanMrd Turn (fig. lS-4) • 

( 1 ) The aircraft may hPP-°hch rtaf»” 
from any direction (fig* p 

aiSaTover the station the aircraft 
me outbound to point B, either on the 
Srocal of the approach course or 
parallel to it. 

At point B the aircraft turns to a 
' ' toadtae which is 46» left of the recip- 

roS of the approach course. _ After 
turning to this heading, the aircr^t 
flies for 40 seconds to point C. ' 

nlnsate for known headwinds or tail- 

Sfthraviator may either increase 

or decrease the 40 seconds flying time 
(par. 13-11)- 

At point C the aviator turns right to 

intercept •Td"’ M D 

eoing inbound at point D. At ^ 

Sraviator proceeds inbound and 
alines the aircraft on Snal approac 

1,. Nomtandm-d iC’ Turn A 

''“^fsWe*of "the redproohl of the approach 
nght £or usi„B the nonstand- 

course. The , . manner similar to 

„a 46- turn >s execut^ n a mann 

the standard 45 tu*^" ^ to the right 

l^dTetrn to intercept the ilnal approach 

course is made to the left. 

c. Teardrop Turn 

-t^ttrSsiL^^^-^oftho 

"ZrrorapZchhrBfrom 

ssis 'rTS",', 

executed to the right.) j 

(2) At point C, which is about 1 ^nu 
^ from the approach fix, the aviat( 
starts a turn inbound. He 
the turn until intereeirtmg ^ 

proach course inbound at point U. j 









'f 

I 


0 approach fix 

T 

1 

f 

I 

“t- 










' VlAVJtt 

7;::* '•'r* »» 

f . ■•: ;^ ‘;^ .fl?'!!*- I' ** ^ ^rojti the an* 

».: ^^.^-,i,fl„.f '>"««iure turn 

..-,.«».i V or 1 mS;„,‘‘%"Wor 

i:»» iusj.ty,,.,*' f* 'MWlied, If 

''■■Oft.aj J » « Jiecessai-v f„ 
*.-r.:r-w or compensate for'J 

*" «o ■ event m«^' 

- «« „„ “oeS 



SrA^;[MF^O 


.v\' 

A A ^ 



^iouro is^ii, 'j\uirdrop Uun. 




- h i aiwaft with 

^^^^■t>rv.ii:.h and tracks ^ ” 

-- ^ ^^<^CKH inbound to 

'■’«»«fo« Tu,„A,« 

- ' >*7-,7j r,4Xce’-‘’”' 

* r.„:r.:“";'’--'sr' 

■ f.7e‘Tr:fit/°4P«'f »« turnn 

: .. n/ ' ip approach 



AitffuSr^” ^'®“^««co~.A1ltilmu 

including the^ 

feet obstacle cJearam-if • ' of ] 

procedure Ci ip k'’"/*''"'' ^'>e >' 

Piofile view Of the annr Pi*itJtcd on 

WiH not tleacond bow 2 ' “iT'''’ "'’‘ 

Ms. 13 - 8 ). J„ „ »■" pnbllohci mi„i„ 

Pnoach flx, the avitor ^ *''>"■ ‘ho 

ho initial approach «“™'! '‘owon* ft 
‘ho procedure turn aif.n "Itihuto 

vary between aev^f th7°' O' 

hundred (eot-„r ""<> » * 

ProoeduTC®'*’ ‘‘'“‘"ho* la llT ‘ 

aho4d 4°^ “Viator ;ud7™f° ''«0"‘ 

"onld not exceed a maxfr”"*'’ '">«ver, 
maximum reasonable ™i 
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Figure lS-8. Procedure turn limits 
at Which the aviator 

craft. A descent rate of 600 £e t P altitude 

,, the 

change. If the aircuui. ^t the time 

minimum decent is continued dur- 

the turn starts, the aescenv, lo „itHude is 

1„8 the turn until the minimum a tude e 

r«hed. H the initial 

unuaually Meh. the airing the 

minimum nrocedure turn dMude » 

turn and must continue, to lose altitu 
the descent on final approach. 

13-n. Turning Rate 

The procedure turn is made “f 

rate oi r per c«.t «urpp«d 

should not exceed 30 . In uses a 

with an integrated flight . executed 

steering pointer (ch. 17), the (approxi- 

with a centered steering pointer { PP 
mately a 25° bank angle). 

a. Flying Outbound to the Procedure Turn 


and minimtm altittides, 

(1) If the aircraft encounters unusuaiSy 
^ strong headwinds while flymg out- ^ 
hound to execute a 45° procedure turn : 
t^rgroundspeed may be less than 1 
mile per minute, especially with slower : 
Spters (TAS 75 knots or es.) 

If such headwinds are expecte^l. the 
outtomia leg should V» 'sf 
providing for 

It inbound flight after the pr«edura 
turn is completed (par. l-v-l 'i- ^ 

p, The outbound leg of 

ing the enough fca 

^'’"Jgoe’turn tobJ complete .» «• 
Sr«aft in”™uepls the Anal .ppr«i.| 

inbound. ^ ^ 

(3) In either ^ ^ ^ wni 

pUte tiro proems W ,„c„t of t1 

i3i 
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suits when suitnblo adjuatiiio 
not made. 


' m 



(A)TAH.WIND 


(B) HEADWIND 


)i4vn575 


Fiffure 1S~9. Improper procedure turn patterns caused 
hy wind effects. 

b After Making a J,s° Procedure Turn 
{ota7idurd 07* No7istafid(trd), 

(1) In executing: the 45° turn, the aviator 
should fly for 40 seconds after turn- 
ing 45“. This timing is calculated so 
that the subsequent tiii-n to the in- 
bound course will be completed when 
the final approach course is inter- 
cepted. However, the 40 seconds flying 
time must be adjusted if adversf 
headwinds or tailwinds are encoun- 
tered. Figure 13-9 illustrates the re- 


(2) Adjustment to tho 40 .hgcoikIs /i • 
time is ba.sed upon tho known or (• 
mated drift correction rc(mii.e(i . „ 
the trade outbound. An ullowmicl I'. 
1 second for each degruu of drift *1 
rection used on the outboiin,! Ti 
should be applied to the 4o spJ?^ 
flown on the leg of the procedure J ? 
Figure 13-10 .shows the aircraft! f : 
mg a 10“ drift corrocti«„ /,yi; i 
bound for the procedure tum a ' ' 
turning left 45“. the airemft J 
be lidded into the wind «nd wilH 
for 60 seconds. : 

13-12, Missed Approaches 

Note. Pomnt, symbols, nml ohliiovlutbns in n. ^ 

1; 

If the in.strument approach and landing enn i 
not be completed succea.sfuJly, the avln j cx ' '' 
cutes a mmed approach procedure. This !' 
cedure rs published on tho approach dm Z 

rmally is supplemented by furtlier iustruc 
tions and clearances from the controller. 

a. Typical Procedtar., The procedm-n 

. ly di«ea H.0 proCd T S 

fled cem-se l„ „ doaignate,! faS, 



Me* 




procedure turn for Wind eff. 
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NORTH 

1900' 


■ 10 NM- 




<Rl PROFILE VIEW 


PULL UP TO 2000 (1850) FEE 

n,*-. M-J>- 


to Oltmb to » pS v" 

Figure 13-11 ahows plan ^ ^ith the 

an instrument approa P^^^ beneath the 

missed approach fa making the final 

profile view, aircra station 

approach on the 255 ” ^adml tr 

and is unable to complete tn 

aviator pulls the indicated the 

course, J above the airport)- Tfi« 

altimeter (1,860 1 the 255 

Sw “o? SyTyOb! the mtataum dtllude 


a/pprouotf^ 

.pppanteep 1.000 

4.34 miles on each side oi 

miles ot the ^ust report a missed 

b. Report. The av . goon as prac^- 

approach to the ^ tbe procedure. THe 

cff alter he started 

report states the tl^^gg^ for further clea.^- 

Sce-^C" -y T*-" he 

it conditions warrant 1 . 


13 —^ 


A,aO 8U8A 




Section IV. HOLDING 


? -M. ? ■«'2' 2 5 




M arm/iff: 7'hf anu piuceci 

(he FAA. Aviators are cautioned 
■ proredures discussed in this chapter, 

3“f3. DeflniHon and Purpose 

f.eavy traffic conditions en route 
‘ ■ ■'» i^hiais, air traffic controllers 

, ' ^ to hold. Holding is the 

' aircraft at a definite 

]■“ " ' ‘ d altitude. In some in- 

uv/uiui i.H directed to climb or 
«ssig-ned altitude in the 

Holding Pattern Configuration 

' consists of 

..fti tu;n; nonstandard hold- 


53-1,5, Timing 

outbound leg of a holding nat 
^ ’ r 14 non r^r. 4 - par- 

* j r«i„r.t ^ sea ievel is 

i, ■ * AbovG 14 rtn/1 ^ j. 

an 'the %n7i)^s ^ adjusted 

^ below lfooo\" 

niini.f^ -14.000 feet mean 

Mampte" ''" 

^ '*5ebcopter flying a truo • 

exf>er^enees a 

on the outbo^d 

tailwind on tha J ® ^ SO- 

folfcwing tabular leg. The 

^^tiva times flowron ,7^ eon.- 

iwi inttound legs fo Z ^‘'t^ound 

rfcjs wimi (no aJlA«, ‘^®'^P®*isate for 

during the n}T"T for 

^ inbound turn) ^ ^ 

<E5s,j.s,^,?«= 2 « seconds 


and seconds 


mais 




f information and procedures pertniniug to hohiing in this .seed 
V. Aviators are cautioned to consult current ojjcratiunal niilUf.i ?” 
i.ssed in this chapter. '’'‘"''ciitioiiH for<;|;^g “ 

ftt! 

(2) lu this .‘xampio. fjHH,,fm,o „ 

tor imt.sl fly a|.|,rox-i,m,t,l“' “'« «'i 
and 20 Hcouud.s on n,,. ... f ^ 
achievt! (ho (i('.Hir(-, I 'i 
time on (In, inl)oi,„(I 
6. Outbound (iming boiri.m ,, 
the holding fix, Av|,i,.|,ev(!,. o.riuTiT 
posatmn aboam lla, «(„(!,,„ "/«»■ Tfe 

by reference to a certain radi,,} f Voim 
utg (ADF) (par. (Jb-IH) ] , ^ 
tion cannot bo de(orinit„.(i n,. ! m 

started when tiartur ’ ‘""■ 

leg is completed. ’® f’uHjotiiid 

13—76, Airspeeds 

for holding 
aircraft. Different a 
and military turbojet air • vd 7"' 
holding altitude ttnd aircnifi / on 

Jn current navigation mht/f 7'''^' 
operating en route nf ^’^ajntion.ii. Aircraft 

higrher than the maxirn 1777*7'''® 

^rtg are req«inedTm 77'^7^^^ 
minutes before reaelijn'? 7 j ^ 

Pfop aircraft may onerm n 7^ 
dicated airspeed whiio .. 7 *^*‘**^**^ 
pattern, and turbojet 
at 310 Jenots IAS or lean ni«y operate 

holding pattern. clinibliig in the 

^3-17. Turns 

®'*‘e to be mfd6^a7a7!i« '^ 

" ."O; bank angle o7 m ^2) in 

01 the stein, 

wMeh the eiro^S”""' «■' <"'««»» 

nx (the aircraft healh^^ "l^bfoaches tho holding 

three sectors to aid in 


^3 seconds 
p-5 seconds 

^^nute iiiuci 17 

i7 seconds 
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xyN PATTERN 

APPU£[)-j.q 

HOLDIMg on 
^20° R;<\DJAL, 

ftavn566 


J3~.j^, «?/ ^ 

^ entry. 


MQ 8i«A 





IM ins 


tcWi^hing standard entry patterns. Sector 
n irrLdea both the area 70° from the holding 
^ urse on the holding side and the area 110° 
f Am the holding course on the nonholding side, 
c.Tnr II is the area 70° left of the holding 
Stse rcdpwcal; sector I is the stf HO" 
viffht of the holding course reciprocal ((A), 
fl This standard pattern is applicable 

to any standard holding course ((B) and (C) , 
flg 13-13) . The FAA requires use of the fol- 
lowing entry patterns . 

a From Sector I (fig. 

1V14). Bpos passing the fix the aviator burns 
Parallel to the holding course (on the nonhold- 
hnr side), dies foi’ approximately 1 minute, 
then turns left and returns to the holding fix or 
intercepts the holding course. 

b Approaoking Fix From Sector II (fig. 
13 16) Upon passing the fix the aviator flies 
or spproxirastely 1 minute outbound on a 
«k 80" (or less) to the left of the rec.p^al 
“ha holding uourse, and than turns r.^t o 
intercept the holding course inbound. This i 
essentidly the same as the teardrop procedur 
turn described in paragraph 13-bc, 
c. App^'oacking Fix From Sector Sector 
III inatades 70" on the holding side and UO 
“'rnanholding side. After arnv.^ at ^ 
fix from any direction within this sector, 

turf 

holding pattern (fig. lo-io;* \ 





.holding 

Bourse 


Fiimn H»o»w 


Figure 13-15. Holding jifllttm entry, «<r!or It 

13-16 the outbound timing of 1 minute slam 
from over the fix, but in (B) of ligiire Vi l.> i- 
beains from abeam the fix. 

1 Entry Into NomUuuUrd Fathrn.U the 

hating pattern is nonstandard (hi. ton,,,. 

the entry patterns are revensed (fig. 1-1 0- 

13.-19. Departing the Holding PoHern 

When cleared by the controller 
holding fix. the aviator normalh ^ 

,,, .viator — ;*„tr *e 

that the aircraft . aircraft i« 

to depart at the f approach cc urs« 

Holdin. on 

at an ^^totor normally U'gins tha 

the approach, the av . „ pattern with- 

“’’Tna t aTonv^ 

out executing tne c . . „ ,h<> ftBs.!. avpKWMhi 

K,l«. bj 

ttm the h"“lag 

13-20, Drift Cortadiod i" 
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'•e is-ie. 


sector 

sector 

I 


/ SECTOR 

/ Jtt 


timing starts AB 

»■ PorhoWtajpatt 

Determine i-hl 
““'"Wn the trai*' 

^2) WhiJe flvin^ J 

the inboL/ °“tbound 

opposite 

T 

/ inboinifi ^^®ction of Jo** 

^ ^ote. Tj, ^ ‘^oi’^’eetion. 

^ion. Analysis of adjusted to fit 

undeMhooting) ahn'^i^^^ i'lbound turn Tov 

Two 


— “ Dasjs 

gr,. 

Jr the same fiv^„ 


^•If theaame 

flow^ for both inboITd f correction • 

S'"™ parSuh® 

«sra:s; v«" 

trac]f +1. h<i ^ 

short of % fn adjust 

J3'^T4 


“■•reaLS'b*!"/^ ‘ke tt 
correction used on/5^' _therefor 
0 outbound is 26 ® : 

«• When**d^'r^ ^'®‘"‘«nces and Reporfi 

usJy assigned altitude 
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(A) RIGHT CROSSWIND OUTBOUND 



(B) left crosswind outbound 
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(A) LEFT CROSSWIND OUTBOUND. 
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TM l-ajs 

conti oiler is required to ■ 

m "n - 

airway jiumber bearing, or 

Jioldin^ course. ^ ‘^^naUtijtea the 
Time to em e 

tL?e:‘„4"f!- ''»«nce 
Proach ciearanee Sc ?• “f ‘P- 
'’■ n tte cW,o„. 


i> if n, , (BAC timel 

. ■ ^be clearance i<j r ' 

Jng Oeft turns) fh^ "“"standard }i«m 

^ote. When 

wiIJ specify 

Hojd south of the Ajax Vm> 
iSO radial; expect *be 

ITS. 

'"''"“‘■“"'~‘o.-ep„..he„ar.' , 


J .f ' The”a«™f »* 

identification, position wiil induA 

or report when departing thT 5”'^ Th 

-"--‘^entification^^^^^ 

2 e »3--22. Stacking 

Stacking is a r,^.^ ^ 

more aircraft are hoJdln^^ ‘"'o « 

. on the same fix. As the^i “*ber 11 

t tbe stack to complete i^f 'wei " 

"bove it is cleared to "b-crafl 

"Ititude. This clearan^^^^-^® bolding ' 

tor of the approach^ t 

th^ vacating his altit°!f^*^ ‘‘^Ported ’ 
fbe radio facility inbound th ® 

cyfJfV'^^ tor an approach ■ 

«aft IS sighted by S i I 

tower considers that a^no,.^^®'’ the ‘ 

. ® "ooomplished. The Ibh landing wiij 

“ /ecuirod hoM^ f "-S 

the time required bv thi depends upon 
positions to land in the lower 

oonsiderabJe duration tL 
"n airspeed and power % at 

fnel economy but 2 ;r^ 

aircraft control. ^ ^ P®^’"n't adequate 
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CHAPTER 14 


VOR AND ADF APPROACHES 



Section I. APPROACH CHARTS 


i4„l, Generol 

^r«-ni and ADF approach charts 

'’^J^^^l’hv^Fedevai agencies and private com- 
pubhshed by F on current 

pames contain ^ procedures at specific 

’"tTr The format for all ot these published 

basically the same. Therefore, once 

the aviator has studied one type chart and its 

legend, he is usually able to use other types 

effectively. 


Note. Symbols, abbrevintions. and torinat in figure 
14-1 parallel those used in current navigation publica- 

tions. 


14 — Typical VOR Approach Chart 

This simplified VOU approach chart (fig. 
14-1) is typical of those found in current navi- 
gation publications. Its format and general 
Lta presentation are a guide for the aviator- 
they do not represent any specific published 
chart. (Consult current publications for spe- 
cific apUach charts and their legends.) 
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Explanatory Dato for Figure 14-1 

1 Cluvrt heiuling (data incomplete). Includes name of city, state, and 
airport; type of approach (VOR, ADF, RADAR, ILS, etc.) ; and radio 
communications data. 

2 Transition data from Hoto intersection. (Minimum transition alti- 
tude (1,500 feet) may be lower than MEA on airway.) 

ft Approach facility location with distance to airfield (8.4 nautical 


'4 Supplementary final approach fix established by the intersection of 
the MTG radial (320°) and KKO radial (195°). 

5 Final approach course and radial. 

6 Conventional procedure turn headings. 

7 Procedure turn data: u 

n Direction of turn is east of final approach course. 

t Smum tarn distance from the approach Itx ,s 10 nanfcal 

c. Mi’nTmum indicated altitude during the turn is 1,600 feet (1,274 
feet absolute „^tion on final approach 

(1,000 feet) and over "t.™ 

9 Distances from VOR station anu v b 

10 Field elevation (226 feet) . 

11 Missed approach procedure. 

12 Authorized ceiling and visibility minimums. 

13 Note concerning procedure restric raissed approaches, 

port is listed for several average groun 


Section II. TYWCAl VOR APPROACH 


14-3. VOR Station location 

VOE ctatlona used In VOR appro^haa^^ 

either bo located near the appro „„„,ees- 

runway, making that additional 

eary, o, they may be located no that aa 

approach aide or fixes ty^e is shown 

the landing mimmuma. T vOR aP" 

in figure 14-1 to depict the typical vu 

proach ptocftdutG, 

14-4, Initial Contact and Arrival 

Note. Symbols, 

14-2 parallel those used in current navu 
tions. 


✓ n, 

An aviater ^ 
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Fiffure U-3. Teardrop entry. 


outbound with the course for track- 

ing inbound on the holding course. 

After flying 1 minute alright 

of the teardrop turn, the av ^ 32 o<>, 

to intercept the holding eou selector 

ns. 1«). Prior to *'Scrt«r reads 

is set on 820 and t indicator 

TO, The teardrop turn ends when 

ns* tenters =— -^e. 

intercepted the aesir 4 ? +Vip hold- 

c. During the determine (D 

ing course, the aviatoi remain on the 

the drift correction Aown on the 

desired track, and (2) ^ legs of the 

inbound leg. so that each in- 
holding pattern are ^ corrections 

bound leg requires ^ "1" ^^legussed in chapter 
in the holding pattern ar 

18. 

d. After flying over the VOB. 
aviator makes a f 80 ,^1 

heading of the holding course. 


outbound leg should begi metbKl for 

is abeam the station. One 

determining his ^ry to f« the 

by rotating the r'""® H-4) . 

aircraft position abeam the 

S”"teiy trom * : 

tTpri.. 

nuSr thereby enabling him to ^ 

r.rte™"ttehh«d,sa.e. 

fleets abeam the sst ai 

S* Begin outbound timmi at 11.1 

... TZ r After «*i 
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holding course during the outbound 
poi*tion of the holding pattern. 

(4) Point D. Needle centers as aircraft 
turns inbound and intercepts the hold- 
ing course. 

e. Another method of accurately determin- 
ing position abeam the station is by using 
RMIinfiications (ch. 12). 

A When holding at a fix where methods de- 
scribed in subparagraphs d and e above can- 
not be used, the aviator should begin timing 
the outbound leg immediately after rolling out 
of the 180® standard rate turn. 

14-6, Descent While Holding 

a. The aviator is holding at 4,000 feet over 
Maytag VOR. The approach chart ((7), fig. 
14_1) shows the minimum procedure turn alti- 
tude for the VOR approach to the field as 1,500 
feet. As lower air traffic departs the holding 
pattern, the controller clears the aviator to 
tocend to a lower holding altHude In ^ 
situation, the clearance is received to 3,000 fee . 

The aviator continues the established holding 
eattern and establishes a 500-foot-per-minu e 
?ateof descent. When the aviator ^^portele^- 
ing 4,000 feet, the controller can assi^ th 

holding altitude to is Is^ed ^for 

foot-per-minute rate of descent is used for 

1,000-foot descents in the holding pa J 

l,. If the alreralt had been at a Wjher “Itb 

tude (e.g., 9,000 feet) f* eo"u 

altitude (e.g., 8,000 feet), 

have eatabHehed "“X conW the air- 
at which he could still fu y 

“l^r'leeflwl thrnewTaeelg 

:ii£d?rhe 

the rate to 600-feet-per-mmute lor 

1,000 feet of the descent, 

14-7. Finol Approach 

», The aviator has been hours', 

pected appro^ rirT “ffle .^aitlons change, 

r^ttJ^ilef revises 

clearance time and advi , the ap- 

ingly. When the aviator ra ole d 

proaoh, he may immediately beg 


from the 3,000-foot holding ■' ' 

1,500-foot proeeflure turn aUituflf, n-ji r ^ • 
of his position in the holding ja?tvrr li t 
final turn inbound from the h diiirg 
serves as the procedure turn, 
may use the maximum a!'-.**-*! ihl 

miles, fig. 14-1) for losing altitudu' pr, ? to 
and during the turn. After f g 

final approach cour.se inhifUinil, the may 

descend from the authorized ; irr. 

altitude to the minimum allitude 
over the station (1,000 feet; (B).fig it I j 

b. Upon passing over the V(»K m- 

bound, the aviator notes the lirae and rn.*3rti» 
to the controller. The altitude fi-wm 
the station and the runway la bf 

published approach chart minimum^ Th* ap- 
proach chart (fig. 14-1) aulhoraw 
only to 800 feet indicate<l a!t«r sta- 

tion passage, unless the aircraft is 
with dual VOR receivers and Vega intemrto® 
is fixed ( (13). fig. 14-1). Tn ' 

of this type, using ‘ 

proach fixes, are common where tm- 
field distance exceeds 6 mite. 

(1) Lower approach aUi^te ; 

ized for aircraft with da»« ■ 

cause the aviator can ; 

mentary fixes without tuning th* re- 

lion aid. An aviator usini uvuwi % JL « 

can fix Vega interseetkm « i 

from KKO VOR, fif- i 

Z)end below the f : 

during the approach. Tl** 
wiling and visibility 
fiff 14-1) are shown as* 24fe«w.-« aiui . 

Si\heigbt 

Tt’ authoriS''mWm.» f» 

TOR Mapped .ircmft a rf&d to U»« 

field t , JeaS Lila&t'rf 

the minimum indscawa m 

f Pfit “ ^ 

(2) Supplemcntaiy 

tablished without d* 

are ^rm w^SS a^'ai 
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serves station passage (indicator ar- 
row reverses from 0“ to 180") and 
turns right. At point A, the aircraft 
has completed 30" of the right turn. 

(2) Point B. The aircraft is abeam the 
station; relative bearing is 090" on 
a heading of 180°. 


(3) Point C. On the fir-ft the 

aviator flie.=5 for 1 minute, y 
outbound legs are aiijuM'-ii f r vvind 
to make the inlH)uiui leg ilighi time 1 

minute. 
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CHAPTER 15 

INSTRUMENT LANDING SYSTEM 
Section I. GENERAL 


15-1. Introduction 

The instrument landing system (ILS) is a 
complex array of radio and light 
aids. It is the most efficient system m wide- 
spread use for safe landing under 
low ceiling and visibility conditions. Its eff^ 
tiveness as an approach aid is match^ by 
(ch 16), but the preferred system at most 
Ljor air terminals is the instrument landing 
system supplemented by f 

systems have been undergoing tests 8®^®' ji 
years, but several factors have prevented plac- 
ing these systems operational status. 

15-2, Ground Components 

a. Required Components. For a complete ILS 
to be commissioned operational at an airpor , 
the following ground components must be in- 
stalled and operating within specified toler- 
ances as determined by flight checks: 

(1) Local transmitter (par. 15-3). 

(2) Glideslope transmitter (par. 15-4) . 

(3) Outer marker beacon (par. lB-5b). 

(4) Middle marker beacon (par. lB-5c). 

(5) Approach lights (par. 15-6). 

NoU Airports use several types of transmitting 
equipment, but the design diflferences are relative y 

minor. . 

b. Supplemntary Components. The ILb is 
frequently supplemented by installing one or 
more of the following approach aids : 

(1) Compass locators (par, 15-5tl). 

(2) Transmissometers. This device “looks 
electronically down the instrument 
runway in the landing direction and 
either determines the runway visi- 
bility by reference to ordinary run- 
Tvay lights or computes the runway 
visual range (RVR) (par. 15-9) by 
reference to high-intensity runway 

^^ights. 


( 3 ) Surveillance and precision radar sys- 
tems (ch, 16). 

( 4 ) Distance measuring equipment 

(DME), This aid, although ^ 

installed at VOR. TACAN, ^OR- 

TAC sites, is occasionally f 

the site of the ILS localizer. With 
proper airborne receiving equipment, 
the aviator can read the distance to or 
from the transmitter at all times. 

(Q) Visual approach slope indicate^' 
(VASl). This aid provides by visual 
reference the same information that 
the glideslope unit of the ILS pro- 
vides electronically. It provides a vis- 
ual light path within the approach 
zone which the aviator can use for 
descent guidance during an approach 
to a landing. The basic principle of 
the VASI is that of color differentia- 
tion between red and white. The light 
units are arranged so that the aviator 
during approach will see the following 
colors; 

(a) Above glideslope— all white lights. 

(b) On glideslope — red above white 
lights (combination). 

(c) Below glideslope — all red lights. 

Note. The element of course guidance 
during the VASI-guided approach is ob- 
tained by reference to the runway lights. 

( 6 ) Condenser-discharge sequenced flash- 
ing light system. This system consists 
of a series of brilliant blue-white 
bursts of light flashing in sequence 
along the approach path in the ap- 
proach light system- (par. 15-6). This 
creates the illusion of one high-inten- 
sity light moving rapidly down the 
approach path toward the runway 
touchdown point. 
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thickness up to It 
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authorized glideslope angles 
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(vertical angles exaggerated 


for illustrative purposes.) 

mre 15 - 4 . Typtcal gUdoslope t^ammittcr installation. 
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approach fix and ia located on the localizer 
the end of the runway. The ideal distance ia 


marlcer transmits a signal of continuou dZ 
modulated at an audio frequency of !nn ^ 
aow pitched) On final approach the atcrS 
will intercept the glideslope near the onf^^ 

o,Mmie Marker. The middle marker is in 
cated to provide a fix at approximately thn - 
location at which the aircraft will reach “T 

Ideal location of the middle marker woZd ! 
at a point where the glidealope elevation i&m 
feet above the field elevation. Usuahy Jf 1? 
avia or has not established visual contact with 
the ground or approach lights by the time thn 
aircraft reaches the middle mar^r a 
approach will be executed. The middle marker 
transmits a signal of alternating dor and 
dashes on an audio frequency of 1 ?nn 
(medium pitched). of 1.300 cps 



fan shaped 
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ic A LpotodcU lights 

irliiTerent ivpproach lighting systems 
fnivpoi’ts as an mtegral part of the 
t ;,^viKati<m publications contain 

ini'iatic lenturea of specific systems, e.g., 
characte high-intensity approach 

Mowever. all approach lighting systems 
^Incd fov Iho same purpose — to pro- 
r aviltm- with a visual aid in completing 
? nli of hia approach. The electronic 
the last P]' ^ ^ g^i^e the aircraft to rea- 

low Sing Lcl visibility minimums; 
f S„tt A itebUBhing visual contact 

assist the ayiaW^n^d ^^^pieting the ap- 

h^visuaily. Approach lights are situated 
proach visuauy i within the last % 

ta to final “E’ltl aTOroIili When the ap- 

ayatem lallB, the celUnfC and 

Smi'"— s t- ‘ t 
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The controller is exptHfinc to clear him for the 
approach with no delay jurtt 2 minutes after 
his ETA for the V<JU. He also notes that he 
has been cleared to continue at 3,000 feet and, 
by referring to the approach chart (fig. 15-12) , 
that the procedure, turn altitude is 2,000 feet. 
The approach chart; also shows the distance 
and direction from the YOU to the LOM (8.1 
miles and 195“). The aviator hnows he will be 
able to receive the compn».s locator signal at 
least 7 miles before arriving at the VOR. 

j 1 _ ^ K TvTI' erv 
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localizer course an.d j,g|ated facilities m 

airways networ^ ^spauence of arrival in the 
a given area. The a q ILS ap- 

„11, proceed BB *°'‘°7 o 64 iB Inbound to Baker 

I«r^S%aker approach control over 
Parlier intersection ; approach control, 

YOU at 30 at 3.000,^ °^«Iloger Army 
(2) Approach red fro*" 

64264, you ^’^t,.?toM direct-,inain- 

VOB to the Baker LOM expected. 

tain 3,000 J . ^j^easured ceiling 

Current weathe • fog, alti- 

800, visibility ®A» 

meter 29.93.” Roger, out.”. 

(3) Aviator ; ” Army^ _ clearance and ob- 

l,.Tlieavlatoranalyze 8 * ^ ^ ^ bold 

reives that he bas not been 


ISt ( miitia 

c. The aviator tunes the ABF 
< ARN-59) to the outer compass locator (279 
L, and atlcplB „ol an accural., posit^e 

SSteiim^lh iae VHP navi*a- 

redVsS:rvStr'rWri?’:her=. 
rS be tune^the 

turning it on an ^ ^ glideslope fre- 

'^of 3" ^s^ateerwith the localize^ 
quency of 332.b me i v ir,_3},). The glide- 

channel r^wiU not disappear until tUe 

“’““S'postt J recewe a reliable slgncal 

?"„tbe.lldesl.,«—to 

^^erratrrptie. to and re- 

ports: 64264 Baker YOTL 

(1) Aviator. Army 

30, over.” ^ -Roger Army 264» 

(2) Approach contro . approacTi 

you are cleare north-northwest, 

to runway 33, v-”'" 

6 knots, over. ont.’* 

‘^'^'‘'‘“lubeTviatorperformaeacbao* 

e At this potot 

LOM. ,i„RtLon receiAreir 

(2) Tun^ To 109.8 uic, settms hl\e 

^ ^ (ARN**S0^.> 5®to VAR log posihxoxi 

aelector syrite^^ IBAK. 

Veriflf of OFF fiae, an. 


aeiecw* «tification — -“’-'VS 

Verifies of OFF flag, arva 

for disappea’^®"*'® 

1 S - 


'll 


AGO &U3Ab 





















m 1-215 


+u«i I lKi rUHKlle ia deflected to 


tered* or if the aviator*:4 rv:-. ^ 


blue aide , ^ ^ . 

. w,!nimiun ivuthorixed transi- 
(3) .. ic (2.5(H) feet (fig, 15-12)). 

2 500^«el- recom- 

ri nroceduvo bocauae tlie aviator 
cleared Cor the approach 
‘3 tone an additional 500 feet 

, 1 . 11,0 indicationa of the localizer 

(4) Checks th 

itellcclion) and should move 
^ kllv when the aircraft gets with- 
S W localizer) of the localizer 

' oViofkH power switch on marker 

beacon ^ appropriate volume 

The marker beacon signal 
getting. 1 . ^ _ low pitched) 

sr.i«L?«> - 

over the LOM* 

(6) Ciws^tacks 

flag. As the ai -xy. ibe receiver 

SS!™ '' 

above) . 


lerea, or ir iiio uvi 
the localizer needle m»y p,; 

it-b,. yix ni 4 “ 1 


i~ ikliiyed, 
tly through 


T/Ilt; lUCiiiiiCi uecuic 

the center position. 

15-8. Approach 

With the transition ti> ih" ll> vi i.si.lfcle, 
aviator flies outbound for ft -> pi' :>:lure t 


cne irmiftuiuii of ni" >‘ •■ . ■ the 

lator flies outbound for ft -> pi' :>:lure turn. 

a. During this phase tii.‘ i.', i !■ r - 

(1) Turns to the ouii- :!!; ( f v.'.'iing (150°) 
and checks the p’V.i' ."ii of the loca 
izer needle and Ai'C indicator. Ihe 
color indication o5 ti-''. ntedle is cor- 
rect, but while llymo t uti-aiiul on the 
front course. ti.iiV. ig 

made by turinns- a-oav fion 
needle. If the nv. 'i ve di dect.s to t 

yellow (right) , ii e 

The ADF need!' wilt be aPP^ 

X 1 /,»■> rV-(. t'di 1 ) hut will He- 

mately on the ^ track. H 

fleet if the am., .O'- sec- 

.1 ‘ into tne yoUow sec. 

the aircraft " outbound 

tor while maint.uiunx. die 

keudiu. of .O' 
will show a 

than 180 'M left of tad). 

>1 X. .... wv. ..VI 


(7, Ohocta tho 

noting the 

U„d m'n®™ “'“"aviator has pre. 

coduro anproaob and »3 

viously Bhudiecl situation, 

familiar witb it.) 1 nonstandard, 
the proce(lut;e ^OM, and at a 

within 10 2 000 feet. Also. 

minimum ® lougiy determined 

the aviator has approach 

that hia minimum the 

are 200 feet and A ^^^t and %• 

current weather m ^ difficulty 

mile, he does 

ta compleline 

/. After flying the 8.1 ^L-qM by ^e- 

he aviator detects _ o«d simultaneous 

,eraal of the ADF 

reception of the marke _ needle has cen- 

and tone). Also, the localizer n 


than 180'^ emtum—,. 

the instrumen, .4. ^ 

(3) Begins desc.'i i . ^ ^ 2,000 feet 

altitude -4 i, to be lost the 

Since only om b© 

ma-ximum rau.* >< 

used. r ,-j, by turn- 

(4) Ez^cutesthe ight 45»_ to 

ing (m thiy WoliU this headir^ 

for appmxima ^he procedure 

13), and tlien intercept tine 

localizer tour. ^ localizer m 

(5) upon Uu»4 »” ‘"o 

bound, <330=). 

approach I (centere<i> 

(G) Checks the (relative bear iiag 

' ’ and AW- dies offtrack cor- 

0“) . If toward the locaUiae:^ 

rects by lurmt-b 
and ADF nc*^dk . 
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(7) Checks the position of the glideslope 
iieedJe. It should be above center (“fly 
up” position), indicating- that the 
actual g-lideslope is above the pro- 
cedure turn altitude. Notes that the 
{>rofde view on the approach chart 
(fig. 15-12) indicates that the glide- 
slope will be intercepted just prior to 
passing the LOM inbound. Recheeks 
to verify that the glideslope OFF flag 
is out of sight. Begins descent on 
glidepath. 

b. Uiwn reaching the LOM inbound, the 
aviator ob.serves the marker beacon signal, 
/iDF reversal, checks for centered glideslope 
needle at 1,958 feet indicated altitude, and 
rejKjrts — 

(1) Aviator: “Baker approach control, 
Army 64264 outer marker inbound at 
.>8, over.” 

(2) Approach control: “Roger Army 264, 
eJeared to land runway 3S, Wind- 

north.„orth«at 8 knots, sltimetSL: 
<49.9 1 , over.“ 

(3) Aviator: “Army 264, Roger, out." 

approach, 

(1) S^ts up the proper rate of descent on 
e glideslope after lowering the land 
'ni? ^ear and setting flaps for finfl' 
apm^ach. In this case, assume t^a 

knol^Tbc'”’™''' is 80 

191 f P X ^PP^oaeh chart (fig, i5_ 

od the rate of descent as 

356 feet per minntp s-s 

achieved hv, be 

(2) poTr''"" 

gIiSsfope%oSSnVh"^"''' 

the needle (U T 
down"). Correctin^^ ^ 
v,aO'ing the rate ordesLtTh^® 

the coordinated use of through 
trols and power ai^'craft con- 

be necessary to keen should 

<=e«tered the 


IS— 14 


(4) Observes the altimeter The « 
chart (fig. 15-12) shows the S 
minimums to be 200 feet imri o 
The field elevation is 700 feel ?' 
lowest tmUcated altitude to whiPt.? 
aircraft may descend on tliA V,' 
path is 900 feet. " 

(a) When making aii n,R o,. 
with a glideslope receiver, ther? 
tor initiate.s a iniased \n 
when the minimum mithoi‘i2e7al? 
tude is reached and visunt « ! ' 

wRh^the runway is still 

(h) When an TTq « 

without „ trii’lioiV'lr- 
aviator miust time his progreM 1 
the final approach course by «sin! 
the nu-ornft dock (c.6., „cLrdS 
to the approach chart (fig. 15 lov 
the time to fly from the LOM at 8 
groundspeed of 80 knots is 3'23 (% 
inin. and23soc.)). 

(6) Checks for visual contact with an 

proach]ghts.AtthotimodefiiiU^^ 

«al contact is established, the an- I 

th’eTi r" completed without fa . 
ther reference to localiicer and glid . 
slope instruments. ® 

(6) Observes LMM passage. The marker 

l^e medium-pitched 

ADp”,w»® " tt' 

locflf n.- retuned to the 

the A the middle marker (254 kc), 

cruft Sf “S” ‘■™» »» ‘k* 

ci alt passes the LMM. 
with dua/AD^ 

have been tnun t . receiver would 

caters, ^ ° cncli of the compass Io< 

^ pletes*ihp established, com- 

tbe approach, 

if established, or 

not hp approach can- 

approach^M^ the missed 

th? as published on 

“Bakpri!! aviator would report, 

missed 6^264 

missed approach at 4i . This J 
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, bo foUowecl by a request 

iibPi’ouch or a clearance 
ucrnate uirfteUl. If requesting 
to the cl - ^ alternate airfteW, the 

Sm y'OuUl give the necessary flight 

plan 

n V«rtv Visual Range tRVR) 

i; ivirports are equipped with 
a, A .ind related equipment for 

that can he seen down 
deterroining Jh ^ Hpproach end. If the de- 
the runway \ Mfjh-intensity runway 

terminaflon i as the runa.a.y 

lights, XtVll values have proven 

DisMalrftMc < .1 reliable; consequently ap- 

to he an based on 

pioach minnnums. 

Tb^« 15-1^ 

minimim? means that a" 

and Vi . ■ „„fnori7,ed as a minimum 
Slue of 2.400 foot ueu of the 200- 

fov beginning the . PP To apply the 

foot ceiling and ‘/a ^i ^ particular case, 

k 2,400 feet as a mmim required 

I the aviator must bo receivers are 

ground equipmen VHF navigation U - 

operating. This receiver, marker 

cahser) veceivci. glides 

beacon receiver, tions. Army aviatois 

two-way voice 'Appropriate Army and 

must also insure Authorize the apphnation 

Federal regulations particular situa- 


proved eqmpuu^nl 1" t "!;. ; ■ ‘ 

ceduros and rej^ulatin!: - - . ' 

1 5 - 10 . Use of ihe Back Ccu?^.? 

Cl. The localizer : 

and a back course; I'o- 
equipped with all • 

complete IL3 (par. la J ' > * 

freciuently used i 

1 . ;j- I 


X i Vt VI V- « » 

course, but it provhi' - .1 ■: 
Altitude on the Inial c.^h ! > ■ 
reference to the 
ADF approaches ici' 1 '• 
must be e.^^taVdishc’.' -t' - 


.. fr.ml 
., '.iuily 
. ;,..r a 
. I is 

iict'ach 

ciiiy. 

,1 witli 
.ijl and 
, ;,rh fix 
'..ri'utian 

-ary to 


on the back cour.H-, M-. : ■ 

.■imaand 

estabUah minimum.^ li^ *! 

. . 1,". '.I illus- 

the descent on liissti uoi''. ■ 

.,'1 .Mi T.iAhy a 

trates a back coiu i ' ■ 

. . ..-i 

radial from a ncnio,. e " ; 

. !. , , , . il cm the 

localizer and (ho vi>*- - 

,.v ‘ kVSt 

same receiver, tnv 


one facility and ; 

\ 1 vvceivers 

problem. 

. . .. ’ ^ . the hack 

solves this, problem , i.*.- 

V‘ u, a to air- 

cour.se approach pJ ' - ' •' 

0 

r-r 

1 

craft equipped m, s 

,m. ^uen 

tions on the npinm-u r- 


strictioiis- 

, t,,, useful in 


01 j ■' 


musi tuovj oiifhorize rne 

FeJBi-al mButoliotiB particular situa- 

of HVR aU required equipment « 

tions. Assuming that ail A . authorized to 

opMtiuB aud that the aviator 

use m. minimuma, he ^ t®*''"®, "1 

preach regardless ^ rVR 'Vas “b'ku- 

vWbility M Ih® starUuB “» 

2,400 leet H®’"®''®’'' establish visual ecu 
preach the aviator w"®*,; „ts or be ''“If ^ 
tact with the approach e 

clouds before within g^Alty 

the aviator can have Utfi® 'enorted 

the lights, he Contact if fSished 

i„ r.qi-aWiaVimDf visunl con publisne 


1 , A back coiu-i 

situations ^“nUat ' 

15-13) ; Army 1-- 
"p^rts iudicato , -.i 

the airport aic ' , , r. i t 'lUia 

nf-li is author®^' h inniimu 
proach . .h.' - ■ ;« 

porf,itsH«^' : t ;,u 


' ^iilUi'iVS (fig* 

-..V/.uiuVOE 
r vicather re- 
,i 'viriihiUty 
1 r . 4. The wind 
~ ap- 
air- 


■ ' . , h iiiininiums 

’■■ ^":;,‘;.rcvaft isap- 
■ west. 


*100 feet and 1 ,,..,.1,1 the 

^ih uK ,i.c il' -t ■ , , H course an- 

t' -f ™ the active 

proach. baelc 

runway 'vVV. - there 


vi«ibflfl>' ;: .. -a - n.ndered.m^re 

Vc.ti:.ting s froi^h 

u\ be n« ^^intor re- 

S!ruru®» «‘\’irir*® t®r 

establishiug visual the publishe „e . determine^ 


the lights, he usuchs. ■ if .,ed 

i„ establishing visual pabl 

eve is equal to or ^ 

eye minimum. w- 

Note. Kefer to , iiiformation on 

regulations for additional mto 

Auo alia A. 


Is 




I 


V keep the aircraft 

heading which will keep 

VHF naviertlon receiver to 

i) Tunes the and identifies 

the loealter ( 110.3 

the station ( 

appearance of +hie localizer 

(3) Checks the Aircraft is west of 

needle. Since sector, the needle 

BIX in the yellow s gide 

^ill he deflected to tne 
(right deflection) - 

(4) For backup info 
ADF receivei to me 

at the niiddle marker 

Note. The outer The middle lo- 

uBed if the signal " ^ signal. 

cator is closer an observ- 

(5) Determines f ‘^'^loclSer needle and 
ing the centered loc^iz 

cross-checking^^the ADi^ 

bearing of 060°. iQcalizer course 

(6) JroSurc turn. Oo»- 

Sr t toeedurc turn a. puh- 

lished. descending to 

(71 Tracks inbound to B i 

appropriate ni^niwums. 

Note. While ‘"Actions away from 

course, make needle deflects to the 

the needle; e.g., ^ necessary to 

yellow (right), a left turn 


<»"“'■ 
tions with tne 

(8) Pri^r^to reaching in 

Slf^estS^^ 

the intersection. ^ estah- 

nI to allow the pro- 

lishing a fracking ^ a 

iTmS IviXr U 

:’terde^attiiedis«;^i-^^^ 

the published urn reports, 

' ae«nt on hnal ap- 

( 10 ) tta ^®5Sor°a SS 

to the localltor^ ^te^eLka v.ith the 

ADF as necessary. Continues de- 
scent to approach ""^gtabUshed 

0« SrthtT»u“^ completes the ap- 
proach visually< the ARN"" 

CouMon; I” 'to*^ jeeelvcr from 
30A VHF ,«a«aer. the aviator 

the VOR to the locrf switch 

ro«?-V 

position* 
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CHAPTER 16 
RADAR 
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Section !. PRiNCIPLES 


, DrtJnr Disio*'®® 

* 1 AfitGclion and ranging) oper- 

Radar reflection of ultra high 

A radar transinittmg 

{.equency vf^dioja ^adio 

antenna sends 0^^ ^ straight 

energy winch veflected back to 

line. Some oI th s of the target, 

the sntenna flow .^fo tt,e radar re- 

This rellectcd en K. to produce an 

ceiver, whcw i special cathode-ray tube 
image (hUP) ° .^peed of the transmitted 

(scope). Since '-f tge.OOO miles per 

radio energy is between the sent im- 

second, the time vetlccted energy can 

pulse and ® ^ .^to a value 

be automatically . fitter-receiver ®'ii^ 

tance between the U _ approximately lO/TB 

target. For (prieroseconds). radar 

millionths of a second mro ^ 

travel Irate tela transmitter 

rtelj s toun« (.elver. Therefore, any 

to target tnd target 10.75 microseconds 

ureetrstarnlnean ®oh scope as a 

shows up on the canoitv 


target which la 1 mile fr. ; 
mitter. 




rudar trans- 


1 17, ('■hiHilfir, refers 
’ in h’TUon IV. 


Nofe. The term rnrhar. as i 
to primarif rruinr excepl as • 

16 - 2 . Radar Aiimoth 

To be useful in contndliris asr ^ 

vnust provide .ntntesM 

addition to distanrc. 1 _> tiiroogh 

intated through ,ls ; to obtain the 

any a, the mntenna rotates, 

aaimuth data radar energy 

a narrow beam ot tt"'"''"?; these radar 
sweeps the rn, a W 

waves strike a tarK^- the scope m 

forms on the S ;nmuth and wij 

graduated m degi _ ^ip^srator can simul- 
range warWn^s. ^nsJand adinutb of a 

rrer—gm^K image .n the scope. 

, 6 - 3 . rransmitt.r-te«^« 
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that was used to transmit them is used to re- 
ceive them. This dual antenna function is made 


f>o.ssible by the dvplexer, a transmit-receive 
(T-R) bo.x. This device separates the receiver 
and the transmitter actions, alternately, as 
each is put into operation. 

b. The Plan Position Indicator (PPI) . The 
reflected signal echo is fed to the radar scope to 
pre.sent target information in usable form. The 
type indicator (scope) used is based on the 
information desired. The plan position in- 
dicator (fig. 16-2) is used when both azimuth 
(bearing and range (distance) information are 
desired simultaneously. The PPI is a cathode- 
ray tube (CRT) similar to a television picture 
tube. It presents a mapping of the area sur- 
rounding the antenna by variations in light 
intensity on the face of the tube. The electron 
gun of the CRT sends out a beam of electrons 
which strike the sensitized surface of the scope. 

A yoke deflects this beam from the center of 
the scope to the edge. This recurring deflection 
toward the edge is called a sweep; The sweep 
traces a fine light line on the face of the scope. 
To eliminate the need for a semidark scope 
environment, many recent radar indicators use 
a TV-type picture tube. 


c. Antenna Synchronization. For accurate 
azimuth information, the antenna position with 
resect to magnetic north must be known at 
all times. In the PPI this orientation is ac- 
complished by rotating the sweep through 360° 
in synchronization with the antenna. The 

time the transmitter pulse is sent out from the 


antenna. The sweep moves outward at 
proportional to the radar pulse moveVlf 
When a reflected signal is received it is f i * 
the electron gun of the CRT. The beam of ew 
trons is intensified for that Instant of theswcT' 
so that a blip appears on the face of thp 
This distance of the blip from the starting 
of the sweep is, therefore, a measure of tJ 
distance the radio pulse traveled out to fl* 
target and back. Thus, the range and azimu i! 
of any target m the area of radar coverage 
presented to the radar operator* 

iVo/e. Permanent objects such as buildings, trees 



Figure 16-2, The plan poaiiton indicator (PPI), 


16—4. General 

«• A great advantage of radar air tram.. 

rS Sr '0X7”°”“' 

c»r,„?.t„“^rc.2/rir„di77 

cases) ; consequently, the amotmt f 
required between 

reduced by the use of radar ^ 

includ^^^ control uses of radar 

Cl) Resolving en route traffic conflicts. 

16-2 


Section 11. AIR TRAFFIC CONTROL RADAR 


(2) ^pediting arrivals and departures in 
the terminal area, 

(3) Controlling instrument approaches. 

(4) Monitoring nonradar instrument ap- 
proaches (ILS, ADF, and VOR). 

(6) Vectoring of aircraft to prevent their 
entry into hazardous weather and to 
provide supplementary means of navi- 
gation. 

(6) Providing radar weather and traffic 
advisories. 
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U i-vdar aU' trulVic control relies tio 
j icH of siui’voillance. radar dis- mi 

on one of tiie tyi - 

jjjjedbeiow. ia 

. Air Route Surveillcince Radar (ARSR) bs 

^ 1 iu.- nvngo radar for control of P' 
The use of 'I’rainc Control Centers o 

.^’■i^naard procedure. The range c 

(ARTCCs) ^ " jvpproximately 200 miles, i 

to 40,000 feet. Since 
,vith altitude ^ AUTCC normally as 

Tan 200 raileB, more than one radar as re- 
jaoiefhan ^ coverage, 

quiredto BW normally are centrally 

“■ traflic control center. How- 

Ijcated m the u ^ remotely located at out- 

ever, the an . pi*oduce the best radar 

lying sites adcc outlying radar umt 

coverage of the a ^ simultaneously. 

location of radio , ' the controller can 

responsibility (ttl?* ' 

16-6. Airport SurvelWonce 

The hormiil type”"rtiscu85e<i li> aeo- 

surveillance is tbe Pr I yP 


tion I. The range of AS it i - u 
mile radius from the unte ur is 
oia the scope or a video niai) {1*15; 
facilities and landmarks ai at- 
basic purposes of ASH are \ 1 > 
proaches (sec. Ill) and (2) a 
of air traffic in the terminal at 
conta'ol facilities. 


■\6_7, Airport Surface Deleclion Squipment 
(ASDE) 

Improved instrument luiaioir ail.t"'? 

bined with high intensity livntK.y ® 

continued aircraft opermior- 1” u 

extremely adverse weather „,n 

possible, however, to * ■V‘'’V ‘'‘trlrte<l to 

approach only to fmd visi niity .«uat I 
tnvi the aircraft from the rurw^iv. hmte u 
runway must be dear for eauh Jawiing ’ 

the Je of landtaBO deponcU 
v,8y occupoocy hr the ‘'4-“ „ u 

esea to “"'''If to >0.0 

basically f . The normal 

the ground ^^he^ on the same 

1-mileareaof coverag \ groun^d 

sine scope as the ASR. ‘ « the 

controller a the con- 

entire airport. TO,,verrwt of ground 

troller can direct *1^® - . ^ in any weather 

t traffic efficiently, day or n.ght. 

condition {fig« 16-4). 





u.fc "*'• 
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16—8. General 


figure 


Section III, 


asds ,..p, ^ 

radar air traffic control procedures 


aavn570 


i^his sGction discus<?p<i fhn • 

3r£idar control services otiH ^ types of 

cs ral principles involved in 
t He techniques and nrocprf. 
controllers, .see TM n- 255 S? J'pf 
t»on, ATP 7H0.3B). Publica- 

I<5~4 


deDPiiw^i traffic control services 

of tho n upon the positive identification 

conSnMrwi^^*’^®^ controlled. Radar 

Positivp f i^oment identification is lostp 

lished in accomp- 

Jished in several ways. Por example- 
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1 n-n’liiitv is observed on 

(1) A within 1 mile oi! the 

the viitiai t 

takeoir ninwny. 

X A aniirU' iiircraft target is observed on 

(2) at a dehnite radio fix over 
ihicl' that aireraft has just reported. 

* nvural't ia required to execute one 

more turns of at least 30°. The 
I .vi^ot whi<5h responds to the con- 
tSar’s lAU-ning instructions is 
therchy identvlied, 

A Lraiismission is received from 

controlled aircraft (sec. IV). 
r, identification is lost, the radar 

^mediately advises the aviator. He 

ontvoller, iwm_ » y clearances to the 

S.:':;*r.«un.P«on o* ccvent.^. 

control. 

, 6 - 10 . Itanslet of Rodo' Control > 

imsfevrcA Irom ““enf sector, the kmdoU 
“"“r l,:;:u“S"n ‘l0BS ol wentlfl- 

must be aceomphah transferring con- 

cation. Several methods tor Uan 

trol are discussed below. another, iu an 

(1) One controller observed 

adjacent i ^h of the aircraft 

distance und aramuth o ^ 

from a delinite advises the 

The receiving controllei auv 

other of the aircraft 

identification. Conti ^ j.JntroUer until 
is hold by th® ^ ^.q+ablished positive 

the other one has t b 


asisume 'm- 

positlhin MM 

m v. 

( 4 ) Han<\nli ;t :.. 'M 

a raciur t nuu-i: - 1 • • ■ ■ : 

positive; nt'ia" :'MM' 

b, Hadar haivlHtV ii's'i ^ 
approach (^arrival) m^U': i 
an outer i\x. SiiKt' • 

coverage at a itn’niui.tl i ■ 

miles, the owior nx ^ ^ 
point can he a cter-iMM - ^ 
destination radit> facni.> 
controller fvun\ - v- ^ ' 

traffic releai^.e to iu:'i ' ^ ' 

are estahUshcd 
routes to i - . ' ■ 

and altitudes ’ 

various final app^*-**' 
the airport. 

16 - 11 . En Route Contfol 


.rriMti 


■i l-r 




a. Seiiaration. ^ y ^ ^ 


site, aircraft ^ 


vided a minimum <,? y 


tion. This separalu'Vi a. • - 

. -iHV'uum 

targets. Aircraft novniyyyy 

/\v t.f 

of 1.5 miles away . , ,„• 


radar sector. > ■ 



rauai 

between ' I j, 

The radar eoiitrohei .. ^ 

anutnherofdiffci.u. ^ 

Separationcunal-) ^^;;- . , 

different altitiule^-t ^ 

( 1 ) Eadar * 

separation 

of air trait.*; 
efllcieiicy ut, u.”>* 

(o\ If the cantr'*'^;" 

. .. 40 t'f 


■ •• * ^*1 ■' 
/:itr,!;nt 0 -tC 

V.. yjn'iid u X 

.itn r density 
l',;.:s-'=dy, more 

;m*paco. 


the other one has ^trol (For this 

identification and co^ coverage cantrT ' i tKe 

type of ^^jacent sectors must (2) becaviae 

areas of the aaj reauiM A t 

overlap.) . t;he use 

(2) Another transponder, as 

of the radar »eacon 

explained m see transferred 

(3) If radar the aviator can 

to a nonradar sec ij ^^j^^unications 

he given Larance which per- 

instructions . . controller to 

mits the nonradai 


required .‘‘Cp.'ii ■* ■ 

target iiir« 

this di-tan*..:-:. ^ . h mihsl cttr 

cloi^e i..*s*rwAtpe- 

irpimar »» ^ ^ ,, I-, 

rontmllers .f s\n 

radar com "• ' 

if reniurod muu 
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rvf f..si5 


iin:- met, controllers have the 
tni/lle conflicts by using 
’ ;■ '■ hich depart from established 

rcfjuost deviation from 
~ TO avoid liazardous weather 
; .a- ifJ-i'od). When the controller 
;>ir. !-.Lf! or;' the assigned route, the 
. , t,: ! rc-hirn to the previously 

immediately if coinmimications 
• C'iifinue on tin's route in accord- 
procedures, as given in 

■ • >tj jmidications. 

i’l -orrie cases, en route radar 
■>!;Troi]c-r with target altitude 
■ a- e.-. the controller must rely 
reported altitude. In either 
^ ■ is'nments are made in a 

■ ! " tliose of nonradar traffic 


an altitude below the mini- 
for the 

, . 'i , "Wever, an altitude assigrn- 

fJ’e minimum obstruction 
. ■ ^ altitude (MOCA) will not 

. jfcA, he will realize that 

^::;:;::‘::fr^'‘^'';-wetonavigaS 

of passing 

^ . m . mum reception altitude 

- -'mivap:;:''"':. the 

^ ^ c. the con- 

by 

< ‘ • ‘ It t-r radar vectoring 




“ " 'Jt^Parting and 

^ ‘ ^ ^ i I : :,i: '>“• few, -bed Z 

are 

mV..:.., 

comr,/ •’“f^sdiction of 
' and altitaV'^* •'Standard 

' " the 

-•’'Ml departure/ 




arrival control ntul tower (lofaf V 
facilities. 

( 1 ) Departiiri! roiitcM fn>rni,’ill.\’ arc 
on tin: use of av;i il;iiilc lailiti (';i|.j|jj|,. 
and thus do not r(‘<itsiri' r.ulm' 
for navig’cition. ] l(»\\’C‘\'(*r, for im J 
erationaJ advanla/ro, tJio fniiljol, 
inay provide vi'cloririir .Mi rvico fo, 
iiavigntioji ; for <t\ani|ih-, hi mliiiiyj 
adequate .sepnral ion. noiMr idi(i(ci)|,,,|j 
avoidance of ha/.iirdoim went her, oi' 
for other reaMoiiM. If an aviuior j, 
given a radar dojnu l me which 4,. 
viates from estahliidicd .SiD’d or 
routes, he will be udviMod liy !|ii;c«j|. 
troller of the route or .Slit tn whidi 
the aircrjift is l)oiiij>' vmdon'd. 

(2) Kadar .separation for do|iai (uri's Lh 
mintnined na rcxpiinnl by ( rji flic coni 
ditions and within the .md iiralinii 
bmits of the radar raciliiy. nu,„|oir 
0 en route radar, or tran.sif itm tonoji. 
radar aeparation. is accom|>lialMo| „« 
tiaffic conditions permit. In ali cii.^ 
he transition to nonrailar .HojiantKoii 

'veil witbin Uio limilso 
radar coverage. 

Artivals. 

I^ZLs'ZnV'""'", .«rt 

as its, ADF, ,u,(| voit, ,,, 

tic to^th? « '"‘f 

quired "’‘"a •■- 

^ 'a lo « 

tleac,’il>ed”f ttat’t’tubir tl',l,i.eitii„i 

straio.h|. I * llql.iillv « 

to an 1 

«atence“*“f ’ 

publiabed tr tpumn,,,,, ailUiidi, 

“Inlmum nS.,.f •llirovmit 

ttultiCef I'"'’® « «'o H.„. ri,h 
ftcred if ta ..feo 

In eome “nff fr 

cases It may ]•(., 
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+i«Tial VFR traffic 

semble a conventioiia J 1 1 . 

pattern with downwind and 

Lent than that 

radar transi^on^- airspace 

transitions allow g known 

utilization on the 

:vX'~p“ tterada^;^- 

KntE-rUnate 

obstacle clearance. 

nSrS pnh- 

" =-■ 
translfona patterns to 

„»lyecontet™ ffl ‘'1* 

SX X»««” It 

irxr"“pXre 

manual. H a ™XoS'*'XtoS r 
co" »n »ee radar ^ 

^ t 

rS “SS : 

for separation of tiate 
St ™Sng tor navtaation IS 

xrrjr:r:i t 

tablishing radar transitions o 

:l“deXnonrad.rtrans.Hon. 

(2) H the final approach of the ' 

®“t„heeontro»eOyra«^^^^^^^^ 

‘’’SetCp.—; part «t the 

course is tne fvafUc put- 

GCA. The transition 
tern— leading up ^o the 

proach ^cTTnto account 

figuration which takes m 


yiVl 1-225 

imding and navigation 

StiSX?— am, the air- 

fat The GCA O'"" 

of tivo types^ type of 

graph 16 16 on 

^u^ Tc pattern leading to final, 
the traffic pattern 

except perhaps at tne P 

the final approach course 

cepted. foWished from outer 

course, iypicai v ^yupg the air- 

(rated in hgure *M%attern, 

„.,ft is in the "fLtuX on iinal 

-"“‘“ifLeVadlr controller 
approach, the advisories to 

iaaucs approP XleMon of the 

Sr.PpXh. These arndiseussed 

pLagtaph 16-lS helow. 

16-13. ap. 

General. (ASR)_ 

p^eSorapproacY^^ 

ployed is dependent on the eq 1^ 

landing, runway, '^eathe^.^^^ controller 
tions. ASR range and azimuth of the 

with positive <J^t^J^^\;g\aditional equipment 
aircraft target With th approach 

of PAR controlled. The bas e 

can be more precisely . ^ ge^ ASR and 
itffevence to the the exact 

par is that he is the glidepath 

S" 

approach nrinimums are lo • 

. b. Prior to Final ^ fl^al approach, 

> ,2)Jj:e:xtrWis.giv^ 

^ ^ dLnwind leg or its equrvalent.) 
nt. 
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,e Jfi-e. ASR scope pr 


Figtir 

(8) A''«‘'V“ilt“ctio..s to folio"' « 

(4) Altevnjvte j^jations fail . , 

radar or commu aviator 

(5) Rate of descent ^ fina 

may be requested to ^ 

troller of the fina W determine 

This airspeed is « governs 

groundspeed, which m 

the rate of descent* 

(6) Appvoaoh t:»PNvay_ 

used in the pattern. 

(1) Score, datii. ASR U ^ s^ope. 
teolletl by can be ehaoaed 

The range of this s p ^ .^0 

to represent a i^^ example, part 
miles, or mo ■ „ shows the scope 

(A)offlgur^ -/i 3 . withthe 
set for a „na area map 

vadar traffic pato 
supenm^ecf- ^ 6-nplG 

sho'WS the s ^ offers good final 
radios. This «->“ ^^.‘“aod target 
approach area aduipmcnt is 

resolution. ^ x^vesentation, 'which 

capable ,ca the center of tbo 

!!lfrK.Tbisoifsetres«ltsin 




spreading over the face of 

the scope (part {) ^p. 

( 2 ) Approeeli ““;,„as 5 miles from the 

p,„ach area erten^^l ^ 

runway. t 10 miles, de- 

course can ^^\vhich the air- 

^lending on the p j^^owever, final 
eraftisto“i'X‘^:«t began until 

descent mnn the final ap- 

the airciaft is rate 

proach avea--tbe lab 

of descent which e .^^imate a 

r,S&Jead2t- 

approach area. 

(3) Mmmck <;“'"t«ceBs.ry.tbe con. 
(a) Rad^<^ contact ii g^gch 

troller «i!l “'"'’ leateraft turns 
immediately a advise the 

“ ofto Snwledse further 

aviator not to e ^.^j^troller must 

transmissions. SO 

transmit at ea^ has been 

seconds sin ^ ^.^ged ap- 

instructed to exe . ve- 

pioach It “ *”s™d„al for a perled 
'fgtr™ds«more 
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contrSle^ ^^^vation. The 

tions at frerrimr,* • correc- 

™f '-“‘iins coi-wM™frf®2r'f 

o to maintain i-h^ oi 2 ° to 

extended centerJiL 

Since he cannnf i ^. ^’unway. 

»iMtodeof“r.r '■'?■“ «“ 

Which the aDnro-,!.u . f ‘^^^Jtude at 
and a rate of dpc started 

munC •>■» 

gh'depath de^hw ”t ' ®*^tain the 

transmits the desired a°”' 

corresponds wit^ -> .®**'*tiide that 
'™n> tta ™™5 p*'™" "“tace 

« eCZ' teZTf ' « 

dMired altitude at a 

SSmZ’t’’'’ T'’® »»Zir 

3 miles an/thTS 
tain 1,200 feet to cZ? T 

joHer can transmit.- ' 0 *^ 5 ® 

■' S' r'"'”? '-200 feet 

"• • ■ • N™ paa^' * I ^ 

‘tote deaceut .Z '™- 

‘ 1 -e aviate to “T'r 

the runway i„ S „Z" ''' 

IS sig-hted prior to ti, ^’unway 

the controller discontinueT’^® 

guidance and ”“f® ^PProach 
clearance. I? th? ■ ‘’'® 

wport the L! fafle to 

“r hf harZheVt* 

Peint, the controller tel). ?f J"®"® 

ccutean.toedapZS^f^^'’''- 

way is not in siihf 
minimums. in either landing 
■ ti-oller discontinnp« «««- 

ance 1 mile from the 

way. “* the run- 

^Vvroaeh {PAR) 

(1) 4pproac/i area, par pi, 

AR approaches can 

-TO 


since this radar weafht. 

enough to detect 

300 feet, and at of 

variations in e\&vJ- ® 
in azimuth of 2oV*^f feet and 

^^PProach Lei to r fel 

of 10 miles ?n range 

CosSr' "'“^^^^^vationcLLS 

(2) Scope data. Precisfnt, 

provides the contriu radar 

elevation and ' 

from the extendpti ” ‘I'spJacemcnt 

mounted in omp T ®^ 0 jP®s 
One scope L " >W). 

‘he other a n,a2T.“ ”«l 

“hes. This Iwo^sTOM °' * 

drjrthf;;r“"'r‘'“ 

*^controC'pZ®toZLL''et 

trouSZelT^^'r' 

and advises 

aclcnowiedfi?wn 

jP’rom this ^^^“^^^issions. 

transmifp ? ^ controlfor 

causl il ® continuously be- 
«trucLd^ i«- 

(h^ t? ® seconds or more 

coZoileZ***^' eferotwn. The 
“f ‘“.™” ‘he aircraft on final 

transmits fhe controller 

visories as t . constant ad- 

to the D-li/i 'i Pcsition in relation 
gives ^nd centerline. He 

at each mile on 
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and airain 

'ehfa and the end “J’W“acli 

«n)e or f„ is o-iv^ "’S' of 

^ in 

''^ual contact ai- ^ u 
<^^’aft is observed n air 

nmway, t^e conS’ of the 
«,at„,. adWaea 47 

‘™«Sr''’"' it'l 

aviaton,/ ‘■“Wnaiw,,,*', 


• ^«ssa^e of n 
,, '^'^0 controJJp ohstriK'^ '*"' 

«Wator repoitsT^ 
tien the aircraft viatuti 

escribed azinjutfsaSr^®'’ t/a, 


•— •/ — Of th< 

Aloniforfng of N 

■»~s:k“-'"^,'*"-^ 

•“ ifc " ~t5‘);;’;"?S 

n.e flna, -■“• 

, Wth pAj} *P®''»acli couM, . 

«> C‘,«.e„4f“v«^re, a„d'“ “«cMe. 

ate beJovv Vfr eondff 

oonditiotr, , "’^aimunas r/^^^^ions 

tS ^«‘^^or than tf 

'■'>Cn74 the7nnt‘“'**^™” aX? "’°”''" 

‘'•After adv, "" 

^Twcrid^af?"”*^ add T'tf ap- 

■aaaee 4e ot Zy' 

g| ‘iiatnnefftrr-’^'a^oand. 

Praaehes/ ‘jh n«7lhe^™® 
fitted esoV . ® ^^visorv • ^ ^ 

«^®dep4tran7“”««^ “ ‘”"" 

“«"a-itae dewation 


I6-,s “®*tj,an„„;-'- 

^ ^ Traffic ‘*®‘' ''''‘'" SefWco rof ' 

aSf' *"‘"*77^7“° “"'' '■■••d„i- -■■••I 

r-iw beenmo ^oro a j i’| j< »i 

■■■ 

»::r‘u.o . 

to VpR^?” ^‘i^tications ‘‘* 0*0 triu 

^’affic are the foijn^^^’^ *‘**'''' 

Sequeneinv .f 

n, *• contr , 

Traffic ^ 

dvir^ ^^'^isories. 

■ Advisories. 

m ^ 


VI 


can aie? ^ost radio 

Sistancebvfl ^^^Ar statiooo ” , 

radar st Ased^in t^f^^^Ar patfc 

All-craft is one, faiiiire if AAavvn 

oontroIJed aif oa an IPR ^' 

nations proe ?®®®' sfandaVT,? ^^Aii j 

AAch patterv,4^®^ Aircraft), a ,?,• • ^ nnnutes 
ing- orig-ina?® """At ‘w 

Pattern i^ „h ^Atervais. iVhL^^;!'” ^®^AAted 
observed by a 3, /^■^AA^Aiar 

Adai controJier and 
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BEGIN li/g“ PER SECOND 
120° LEG TURN RIGHT. 



(A) TRANSMITTER INOPERATIVE. 


BEGIN 114 “ PER SECOND 
120° LEG TURN LEf T 




(B) TRANSMITTER AfslD fif CTlVhR INOPERATIV 

anvnSi. 


Figure 16 - 8 . Triangular pattern to indicat* lo:rs of coin 


positive identification has been made, the con- 
troller follows normal procedures except that 
his instructions are given in a way that will 
enable the pilot to answer with aircraft turns. 

D. Jf transmitter and receiver are both in- 
operative: The aviator fiies a triangular pattern 


to the loft { (11), thr. 1*'< ^ i 
thi.s pattern ulMerv-. i 
the ciuitrolier (lispiiti'l.*' > v.; 
intercept the Hiftlit if i- • ! 

Woti\ KiiM'rK*-i''y pi'"'’- 
trollM’^ with ihv ■ ' ' 

IV. 


in /? above. When 
radar controller, 
c.-^Aort aircraft to 

:,i!-/niiig ground con- 
in section 


Section V. SECONDARY SURVEILLANCE RADAR 
(AIR TRAFFIC CONTROL RADAR BEACON SYSTEW) 


16-17. Secondary Radar 

a. Secondary radar differs from 
radar in that its scope display is 
from an airborne radar transmitter (a j 
tSer” instead of being a reflected eignal from 
a gronnd transmitter. Secondary , 

raSr is a aeparote air traffle control radar sya- 
tern, capable of indepenaem 1 
ever, when used m normal air Uath ^ 

is slaved with primary and 

combined display of both the 

secondary radar targets ; ^ ^lary radar, 
radar set PPL As used with secondaiy 


the term »id«r rotVtv. to a secondary 

surveillance radar .y.u.m tiMuc* a functiomngr 
interrogator on the gneuvt. a functioning tians- 
Slader in the nircraf., a,.,l c on nn ..r 

traffic control radar 

h Sccondarv survfillaiKe ta.iav effectively 

con„Sud.e the .v.ll.v ir.y eho.teom.ngB of 
‘’‘■‘'“('n kSc cAoo. n>o.»- ”» 

aircraft identity. 

f. . . . f.t ihlips) vary m size 

(2) Aircraft u np 

and fjier undesirable 

(3) Ground cluttv-r .tif! 
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:r< ru?n=« impair the radar display, even 
' . Jhe radar is equipped with a 
- ; ‘:ir>.ret indicator. 

■ 1 { jip])ear in the antenna 

- rvidar .system offers the air 

■' ^ v r ! ni“ f'dlo vvinfr advantages : 

! : • i ‘ »r Uijvet reinforcement. 

• ;; ; - j identification. 

' . , area of radar coverage, 

i ‘ ‘■’‘■j jdt- ihUi traii.smis.sion. 

.- ■-arv radar is an outgrowth of the 
' ' ■ ‘ ^ '’fid V. ar II radar equipment 
/ ■ ; ! identification 

' " ^ radar beacon which 

Vrj ' r ftatore wa.s known as the 
ten). The need in traffic 
^ ; •• •• ' r; tor nlentification of friend or foe 

aircraft identity. To meet 
. V * ^ r " ■ ’ radar system was 

FAA. Two 

S .*■ .J, * -V »;'■ ^ -^‘r Traffic Con- 

,Sy.stem (ATCBBS) is a 

n., Mark X system for 

. with a selective 

iCirl secondti! 

«<= 0 Pe. In 

* th li,:,!* ^..,,,,1 rrilitl!. compatible 

'■r!!--u.f!4 K|..iip:mein, * ^ secondary radar 

Tvw l R«A»r-Bos.c Functions 

to 

f ‘^“"‘Ponent sends 

;r*“ 015 top !>f a bar fj-j 

'-K jk« mareatkiiial a. ’ synchronized * 
'^iiaac® fa 4 ,^y ^P antenna of a 

r»»»s lS-19), rmines the mode of 



a«vnri 2 l 


Dy con-, 


for the same^S?being‘'r'^^^” mocto». If set 

found interrogator uiit by |;i,o 

triggered and a special rof ^’^Pspondor is 

^^Ply) is transmitted to « 

rogator unit. tu the ground inter- 

^®aJ wWo. 

Other pulses (informf+to ^ receiver unit adds 
f*e. A specific eodo ^ referred to «a the 

“■"Ply Witt inrtructW ‘h« ^ <» 

•B^ven py the con- 
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MODE 


FRAMING PULSE SPACING (MICROSECONDS 


1 


rui 


n n 


A/3 (Ate) 


n. 


_n 


B 


D 


1 

n 

17 ^ 

n 



i 

n 

— 

25 


n 


Figure lG-10. Mode timl pulse 


+ roller (For certain tactical modes of opeia- 
tioller. K in the transponder by 

tion, codes aie ^ ^ ^^ded reply 

from the transponder to the ground component. 

the radar scope as 

(arc segments) whic p 16-20). 
beacon target on the scope (pai. 

1 A-_i O Modes ond Codes 

16~1V. m j*. tvp microsecond spac- 

a. Modes. The Jf ^ ^ transmitted by 

ing between two radar pulses 


J 


the ground conii>*Jisi:!s!.. •'i -''' • ' 
lish niode.T are illu.-trai': i sM :: ^ 
sent eciuipment of tht- i--' - ■ 

pi-ovides for operaVwri oii 
allocated as follows; 

( 1 ) Mode 1— MiUiary f-v": 

( 2 ) Mode 2 — Mili'.ary S- ^ 

( 3 ) Mode !;> JU'.d .s 

us mode A ;>) , 

ideiitkal. lb': ' *'< ■■ ' 
and the snilitasy 
These are the 
modes for air ' 

the United Stat' ■- 

(4) Molic I;: 

iissd ill lliiil - 
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FRAMING 

PULSE 


INFORMATION PULSES (CODE) 


10 


>i A HO C DOE ) 




20 

JL_ 


40 

JL 


2 


4 


FRAMING 

PULSE 


IDE NTIFfCATlON 
nji.SE 




NG PULSES ONLY) 

0'6 

am, 40 

•COjC 

IJG 440 + ! + 4 > 


JL 


M- 


Fiffure 16 - 11 . Radar beacon code ptdsea for mode A/S. 






J'fi M‘«le C— Automatic altitude data 
<pt‘''>l>(>sed). 

i t?t 3Iode D— -Iiulividual airframe identity 

» t*rii)jM:.j;ed). 

(V.;?, ,.. An airlwrne transponder set for 
t T' iier m-Hle is triggered when that mode 
is received from the ground 
L’l r V ■ t*’'^gering causes the trans- 

‘‘ ^’eturn pulses. 

.U nv. , ,g l«;tween the reply pulses can be 

con- 

iif .'v , pulses; and combinations 

(caned informal 
rrejite a code. ^ 

<IJ «(^wh;/, 7 y /„ 

i-riaming pulses^20.3 microsec- 
<>nas apart. 

Information pulses (6 )— 2 g mi- 
croseconds apart. 

S thT"? "" ‘f«"sPonder may con- 

the framing 

»fon«ii« Each 

ameal values of the 
are added to the 


Mode 

1 

2 


codes may be set by the avia I or on 
the transponder coittrol panel. 

(2) Code capability in other mode:,-. 'I’Ik; 
principle of operation descrihod for 
mode A/3 above is the sanm for jill 
other modes. The iiuniber of |>o.sMjbl(‘ 
codes, however, difrera. 

Codes 

act 

32 By iiviator 

4,096 On transpoiKloi' 

Mode 2 cannot be changed in (light 
by the aviator. Civil mode C, when 
installed, is connected to an altitndo 

radar 'Soon* dModws CT^'d' 

(primary) radar pfhf^ V. display a nojuinil 
within the surveillaii detected tai'got 

the beacon decoder operation of 

play codS renTitV ® ean Etlso ,li.s. 

transponders which are equipped with 

mode and code In addif- l)ro|)(«r 

«etthedecodS‘eqtopme„l "’ ^"^^troller can 

aircraft equipped with transponde^^ 
cases, only those tran-^nnTia m soma 

"'h-l' -ply te 
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scope displays used are called ntw 

'"‘r K™ Video. In to raw 

PPI scope will ilLtrates 

having a transponder. Figure ,, , Tar- 

a scope with different gcho (blip) 

get A is the normal primary Target 

received from any target 

B shows a beacon of con- 

appears as a sen® fslash will ap- 

centric circles, called stashes. 

pear for each of the jg^g The spacing 

for each of the infoima , , gj^ ^he framing 
of the information P«^es bet between 

pulses corresponds t -ifi The entire 

pulses illusti-ated >“ «f ™ With to 

beacon display is cal o ^ ygry close 

code team display, «« Ji™ ° 'e i code by 
inspection, can deter information 

adding the numerical values o js 

puls®. Target B ‘c'^C mdicates 

‘n "a, echo tar- 
“m o«rbl-.n targets as appear, ng on 



radar echo 

(NO CODE) 



, BEACON 

REPLY SAWE 


/fcoNTROLLEf S PANEL 



REpS^DFPLRENT / 

^ roDE FROM ' 

.CONTROLLER’S PANEL 


aavjr626 


Figure 16^U. Tvpo code trains iselecf). 

;teJed for efficient aircraft control, and 

16 





rw, 


c i-iiy (ieteriniiie the code of a 


t ':■ 


i » ;l 


■«:t position offers a dis- 
. ... -. onlroller. In this position 

;• I.G-14) consists of either 

’.e , cliininatintj the clutter asso- 
. r.iv.- vidw display. Also, in this 
■ 'it roller can set the equipment 
.w on replies as one slash, or 
. r-. plies of the .same code when 
o r e-.juii'ment as double slashes. 

• ^ di^phrys. I'he real advantage 
■ : ihsplays is that certain 

' ' i 1 are resdrii-tcd to use witJiin one 
U.V -.ructure. For e.xampie, the 
‘ O' resiwnsible for separating 
'r-o; ofH rating in the high altitude 
y .-rrutture can set his scoire to 
,y t>ri5y those aircraft replying 
o n u :: i -j ji reservcMi for that particular 
F'’,i..r !‘t.<'U€;ure,^he thereby eliminates 
> . ..if’t'jr which would be present on 

; ' ■ ]'«'• n the display included all 
r.vj t Within the range of the radar. 

: be used by 

i. cntroiier handling traffic in the 
route structure. 

subject to 

ri*: :,'' Ra^^gational pub- 

' " ■ ■ code assignments, 

■■ position, the 

; • o,-.. e^sKiiot determine the spec- 

y • y cede directly from the scope 
tan in the raw video posi- 
code 

-;y - ^ mdieatorat the top 
; ; ; untr« pane] must be used to 

ii,e specific reply code of 
dapky. A light , 

the t^adouftuS^” W^r 

Piai'isi the- fijj-ht eun'd’ 

I'rtcfr to tk^ time the 

displayed on 

»»«* tk& tarefet ^ ^ 


c. Other Target IdemtificMtion 
Another method for rapid target ident ifii atitm 
is the identification (idont) disiilay. 'Miis dia. 
play appears on the scope (fig. .TO -lb) tv lien an 
identification-position (I/P) .switcli i.s iMij.riigeil 
on the aircraft transponder. 'I’Jio nnd.tiud iiaod 
to create an identification rejily, jiikI f lu* (yint 
display seen on the scope by the coiitf<ilJer, is 
dependent on the type trail, sponder !i,4(>it mid 
the decoder setting employed (i.e., PAW 
VIDEO or SELECT), When the idoiitilU'al.ion 
switch is activated on tlie ATCJiiJbS (rarin- 
ponders, an extra pulse (the euboone. inil.s-e) in 
transmitted 4.35 microseconds aff.er the lanl 
framing pulse. On the selective identilhvilioii 
feature (SIF) transponder, a second eonijilel« 
code train is transmitted d.fJb micro.s('ciiiu|.s 
after the first. 

(1) When the controller’s .scope i.s .s«*t to 
RAW VIDEO, the identification cliH- 
play has an extra sla.sh .3 of a mile 
behind the code train (away from (hi,! 

center of the scope) (fig. .ld..K>). Tlm 

biF reply appears as two idoiH i.-al 
code trains, witJi the second one! .J{ 

(2) When the controller’s scope is ojmr- 

jeatuie Changes the two slanhon 
1,1 ^ ^ ™ bar or .stret<d»t-il 

Dn-r-i ,n(nv<!v<!r, 

this identification display only Hp.. 

modl ™ till! •I'liiii! 

mode and code, and when the f/P 

switch and tfie I D 

Of “'"tl-l 

is to have the aviatiri^^"^ 

control to STBY Thi-? tn transponder 

der transmitter and ihe^m" transpom 

ance of the beacoiV v i ^bsappeni-- 

identification. When the^ ^J‘^h(es) provUleii 

to "sQuawk normal” S” ‘'to« *01,1 

*»“'>" reply further vormef,’!f'’"J‘'"“ *'■“ 

Emergency Idp'nH^ ^^^^tificatioii, 

RBS and militSygjp^-J^^^*^- Both ATC- 

of transmitting an emers'S^^^^^ capable 
emeigency signal. How- 
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SELECT 

RAW VIDEO DISPLAY (DISCRETE) DISPLAY 



eve.-, the civil and 

and the associated dispiajs, diff traispon- 

in the emergency positi , 
deva antomntically transmit 

taiTSIF transmits a seiies^of 

when the not\'ecognized as an emer- 

this type rep ^-TCRBS decoders in the 
gency - overcome this difference, 

SELECT position. To ove emergency 

77 has heen s t ^^4, to 

code, *'4 “;;„^nction v«ith the emergency 

use code transponder. Code 

position on the bl ATCRBS de- 

continuously received, an emer- 

coders. W"® tehini «d 

gency alarm ^onsisti g 

and a buzzer is motivated, rig 

the type VIDEO and SELECT 

troller in both the RAW viv. 

positions* 

16-21. APX-44 Transponder DescripHon 

(-ommonly used m Amy ai 


SELECT 



aavn626 

Figure ie-i6. Emergency signal disv^- 

16-1 
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oj}er<itional modes (coded interrogation pal 
terns) can be operated independently or simu 
taneoiisly. The transponder is usually mounte 
at cl remote i)art of the aircraft, with the con 
trol panel (fig. 16-17) in a radio rack o 
mounted on the instrument panel. 

a. Master Control. This is a five-positioi 
control, with positions marked OFF-STBY 
LOW-NOEIM-EMER. At STBY, power is ap 
l)iied to the tube filaments only, and the se 
is in a warmup (standby) condition. At LOW 
complete transmitter power is applied but tin 
r«eiver is at Iom^ sensitivity. At NORM, com. 
plete power is applied and the receiver is a1 
maximum sensitivity. At EMER. complete 
trimsmitter power is applied and a special reply 

ground-based inter- 

h. Audio Switch. This is a two-position tog- 
gle switch labeled ON and OFF. m tlmON 
irnmoin transmuted reply pulses may be monf- 
tor^ through the headset. In most APX-44 
msMations, thb feature is inoZLf 

Switch. This is a 
three-position switch labeled I/P-OFF-MIC and 

16-20 


is spring-loaded to OFF from the I, I’ ptvsiti-*?; . 
Ill the I/P position, special identification re;d>- 
pulses (codes) are transmitted. Wlien wet (< ■ 
MIC, the identification pulses are trcinf<niit.t»l 
when the microphone switch is depres.wil. 

d. Functional Control. The function control 
is a three-position rotary control with po.>;iti.vn.H 
marked NORMAL-MOD-CIVIL. At NORMAL, 
the set responds to the basic Mark X IFP' sy ■ 
tern interrogations (modes) (par. 
only standard replies to mode are tratif>initt^>i', 
and all preset code combinations are rli.s.aLh-.1.. 
At MOD, the set responds to the liasic IFI-' 
sptem interroptions, supplemented by 
tive identification feature (par, 16-17dJ 
CIVIL, thu uet respouds to civil rate 

interrogations. 


Dreset rnrff. fZ , poflitiorf, as 

preset code for any mode is included in the rep 


. Leontrofs. Tii< 

hvo rotary controls are marked mode 1 a 

Z fir^ J^nwled knob control is used to ®e!i 
the first code digit, with a wing-type 
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, jiffit The selected code 

Caution: Use of excess^ clockwise 

type code selector, ^ cause 

end “““‘“5,“ pitching mechanism- 
damage to th Mndes 2 and 

f. Mode 2 »«5 OFF°s”tches. For de- 

IS — “ toi- s^Wng 

SSUonthe transp»dm, ^-^ 8 

217-12. The mode 3 swim 

I'eply circuit on or otr. 


HHvity thereby 

diav receiver sensitivity, hi 

the transpon^*^^ ^^^dition. 

ing the -ring-aioai When requested to 

c. Position Identifica m activate 

"Ident” depressing the simng- 

the 1/F hy , ,p position. 1* “ 

oadod I/P switch « DO not puce 

«,«ssa>1/ won unless desmng <•“ 

the switch to M microphone switch is 

-Ideiif each time ”^01) and CIVIL posi- 
pi essed. The use of the 

tions of the the t«nsp“na* The 

identification featuie AKTUUS 

CIVIL position joint military-FA^ 

and the MOD "apCON. 

installations, so .„_cncy, depress the 


5>22. APX-44 Transponder Operation 

a. Starting gettings - f 

(1) Check control to 

switches ^F > .„„i-voi to 00. 

normal, code coi t that 

(2) Rise® master po' 

^ circuit breakers are set. 

(*) r'“!. tT^pSoTrSw should lighti Niucellcinoous Insiruclions 

t“;T„ mt hght, pi-oes the tot huL 16-23. a.rs in STBV 

if it does not hgufa i i.ght, 

‘“«“‘fte'’ bulb is 

eitliei the the set. 

power is not rea g to & minutes 

(4) Allow the transponder 3 to 

to warm up. 


...stallations, such a. 

4. Bmerdwev. In ?“p,ace tlie switch in 

J barrier button and piac ^ 

EMBBposi‘'»";®f 'm^ygency code, a"^ 

This sets up the ® ting this code are 

ground radar '""gignal The 

alerted by an call word “Mayday 

of the staudaid S recommended. 

on 243.0 megacycles is 


93 Miscellaneous 

* j ^TBY whilG taxi 

. .. - 


to waiiii 

2 . -m Tn the following pvo' 
b. in-FligM is in the MOD oi’ 

edure NORMAL position is not 

JIVIL ® ntrol When ready fov use. 

ised for air traffic * ^tructed by the con- 

setuptheequipmen c Atlanta center 

broiler. For sduawk mode 3 code 

transmits. mode 3 window and 

10,” select code 0 

SSefcorr^^" ^ 

wise instructed. 

Note. When 

slashes ^ .-rlng-around. w 


,.,g lor Ukeoif and ax„i 

b. When, filing wiSi\ coded transponder 

aircraft is equipped iptter T to the radio 

by adding a „„ \he fUgW plam 

fall (e.g.. 

,m.kingVOSitton repots, e 

stated, ^ 


'■rohcck current navigsLon i^^^ixtSl 

the' standnrd code f« ja ^ f ^ 

d. Know controllers ^yhen reTe^ 

by military an transpo-^^^^’ • i.e, 

r^gto the »!>““" («.mbcr). Opoy- 

ate (transponder Has «ot 

nated mode an jg A/3) . 

been operating on mode A/ 
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Section V. GROUND WEATHER RADAR 
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General 

li'iitiu]! to the application of radar to 
there are other applications of 
hicii contribute to efficient aviation op- 
The Tj.S. Weatiier Bureau, the USAF, 
IhS opei‘ate radar storm detection 
AUIC centers have access to radar 
iirncd lor weather observation. As a re- 
ehorts, a large part of the con- 
t nited States and some oversea areas 
i'adar v/eatiier service. 


Alefro Service 

^ cojumunication service between avia- 

t'>it;cnstei-s is provided at many loca- 

I'l - . A locations where the 

• - - . ■ I. u'. a)Ja We, the aviator can call METRO 
' ^ iucjioy of 344.6 megacycles. The fore- 
■ - ' . v-.ii rep.y to the call and can furnish 
imUgH weather advisory ^ a 
u !“■ who has access to 

ier r.. control- 

ti> -w • '.p Vu-'h frequency long enough 

^‘^visory. Subsequent Z- 


toring, whicli may ho iKH-c.s.viurv U 
ardous storm areas, i\*m be 
tween forecaster, aviat<jr, and coni 
METBO service itati,.,.., *' 

gation publications. 

16-26. FAA Weather R«tlat Advisories 

111 some cases, EAA i olii/n'H 

information from weal, her radar sets Tb 
individual facility. This information t , “ 
qtiently relayed to tfie tr.nilrol conte • I f? 
service station for broadcast to aviatoi'<! 
weather advisory. In oUi<jr cases 
controller’.^ facility may have a weather v?f 
set, or the controller may i.s,siie a wo-iu* 

V to the aviator “ ZS*,* 

Obtained from tlie air trallic eo ,i Ii ? 

signed to “filter out” eMtn/.u r 

Preoipitatic. M,o LS S li"! ’*• 

sets thus does not nnvi'i. ^ ^i^splny on these 
existing weatlier pliei,im„m *' 

aviator shoaM obtai Z i 

-eather radar source ifpl'Sc; **"'™”" 


16—27. General 


Section Vi. a«BORN6 WEATHER RADAR (AEN-,58) 


~ 'Vitt eir. 

i-oiruf, in n., . vcietectnig weather 
';!> cue eperates 

.irs.. uwe<| in P : n if 
u se ami reliable, i,rei,r,‘ t “'el'vely simple to 
«hiel. aviatoPi can det«t anT'” 
an-flo,M -.'•oalhercoi.diSr.fs r has- 

t«rna,tn«. a„d hail. T o AplT.™ tatuleaoe, 
T>i« of ground manninnr f ^ ^-158 is also capa- 

««cd ,owar,| the terrain bf]“'he"‘®"* *- 

»jeiow the aircraft. 

1 ^ 2 $. Airborne Weather Rndp. r 

Panel “aaar Control 


C'onfro^ S^oitoh SoUinQs (A, %, 


OFF 

STBY 


OPR 


f%. lG-18) 


T^ste-arat 


CTR 


'Equipment i.g inoperative. 
standby position, but set does 

warm-up condition 
^ <i'minute time deiny. 

oporativo after 4- 
OPFp!jS?il? NOKMAL 

echS 

targets are dis- 

™ ‘"OiMtOf ™ w# 

fnar i*«' circuit 

(par. 16-30A> is operative. 

•In the CONTOUR OPERATION 
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s^'“";aisr ': 

^'“':;rtoS>Ur areas ot 

in the b g contour cir- 

lighter rainfall. The cont 

cult is operative^ T,,e KF GAIN 

b, RF GAIN (B, flg- ^Hvitv iDerforms a 

regulates receiver eoutrol on a eon- 

function similar to the voium 

ventional radio. 1 fwlSl . The an- 

c. ANTENNA WLT (C fta. W W 

tenna lilt control knob of the 

16“ above or below t jjbrated in 1° 'hcre- 
aireraft. The tilt 'to„atica!ly slablhse< 

mente. The antenna is onsate for pHe" 

within these tiit limits to compe 
and roll of the aircraft. 

16 - 29 . Daylight Display Scope 

(fig. 16-19) nermits the avi- 

The daylwht display ? g both day and 

ator to view radar targets duimg 


night con(litio!‘> ; 

It also i.vovuu:;-- i'O- : • ' 
ago on the 

Tho BACKCdh ’l 
16-19) adjui't ' ‘ ' 

and enables vor;. i'' 
ThoIlAN'li- 
permits the ■ 

with thi-«i 1" iv.i-: - ■ 

with four 1’;;“;:'. ;,A 

range witVi :bi:< 

c. The I'Hhl v.io • 
dimminir of t’ne . ‘ ' * 

d. The 

display eolur tt'-a ; 
deep red p- 

ylsiOTl, 

16-30. Opef»«‘^-9 
ft start t-i 
tro{ swUeU. T. 

; tvansmiUer 


-i 

* * > 
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ic-lff. Daylight display scope. 


of full power 

' ' ^ ' ii! ?.,•«„ tr‘n,«miH position, the 

TiK..^t ^-minute 

‘ ‘ operated wJien 

"■*''■ - f'Jiidii!^. is ne'ir tL aircraft 

«:» i.'ik'..,* o„er„. 


^^!ru:v r!;e ifiton.se eneiiv 

>? Tile intense rSiation ”® damag-e 
: f ^ d particles oftrS 

radar transni ft (^multi- 

''-'d*:®- This can iJ "'®''®*®ng-th) to 
--'i ’^v. ianV near refuelinff onpi'^r- ^ •‘^zardoijs, 
; inadvertent daniag-e te the f r®’ 

• .; = a STBY position ,•* * 8:i'Ound 

. the ,et to warn, ° P^’^vided which 
«P Avithout transmit 


r.:iri:^ 


Jriirrai u,e of tr^^so ^ 

oo. >V. hFGajv "father area. 

r*.!r,.-I., ' ‘“ ffiun (fully 

r.;f e ~.tuui f.,„y 

c :™ wckgroCd':;^- 

t t f re %'^ eei, ®®P hue js barely vi^fKi 


po.siLion, For wi'aliirr JinaliS"l','"''''''*riii 
trol .shouhl im|, Jio ohiinin.,! ‘iv‘ ’ „ , (»;. 

. T, * "* Mtin 

A IhKot IfAFKtJUOUiv}) . , 

aide haclcft’romid lovol. A nuni/-.. i*** ^**’ ^*^4 
tween o<;h()<«.s ainr Um .scnn,. / 
desiraide. F.xce,ss /.arh>.‘n„„„| ii 

cessjve hri/?-Iitne.s.s on lln. .sc(,|ie ('(((.^ ^^h- 

.(/. Kotate ANT’ TVil/l’ coni,., a , , 

sired scojKj pro.sontnf loi,. A|l|,., L 
8-efc rotnrn,s on tin; ,sc„,,(. ,,,./* to. 

usually appear a.n curvod roniil I’l!"' 
fi-ested ground eluttm- i.s viilin, ill > ’ 

f 

To elumnato groimd c-l«,|,le,. in uV ' 
fiet aren, (Jio aviator iiiUNt tiit tlio 
WM'd lu ,,„„|, i, l„. Tii ' 
ground clutter to di.sannn.i,. . -i 
target reinnims on (,!,<, Isi.J.nc 
i‘ang€ settiiifi-, the a via I or Li. n 
tilt .w ti.,.t „i,„„t uvu, ; 
presentation n<mr tin; aiiyr„ft *s '!! 

t®A with the oute,. limits of i J 

only PvecfjdCation a r(m s I," J, 

horizon. Thi.s low lili ' ‘’'“I <i'id iibve the 

cnu .0 .to..,,,;: ,:::, ^ , 7 ^ ^ i««„, 

.vond the earth's Ii(,r,V,on T’i . 

©ai'tli betM^Gon fclin * n ' of the 

<iepteto<i o., i:„“ ; «■« .torn,, ,■, 

aircraft as ftroinui ,.! / «‘’'>P<niO!ire.st the 

of the scope then .sliows^^^'! ’ 
storms whose tons (•.« Gclioe.s of 

meats; alhm'"l‘.,nM in .unnll incre. 

«ienta for scope "m, S' ' '’o^'vco,, adjust- 

areas both above and » io , «'eslon'i 

milow tJie rin'nfail m.ea.s. 

TOUR^PoSS'' (CON- 

fig. 16-20) contn’f.i "'‘-nther target ((A), 

they Will appea, . y^'T l»‘‘-<^h)itation areas, 

fig. 16-20) , 

pircuit feature of 'Tl'is coiitour 

It possible to distu, «yiiipmeiit makes 

uleuce without f-ji areas of severe tiirb- 

contro] and bac!^ nshnent of gain 
with most rid'ii’ ^^nnd settings necessary 

'^2.1 for oo;t;.xs:'- 
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reference dcir- 
the left or rlc 




J). Kdfifn 1 ^* 
distance 

( 1 ) :U)\r 
which VI V” 

( 2 ) T>e\rnha>i 
VjOlh'lli 
veiuvu:-, \ 


[^^rpC.. . •- -.h.nh are located to 

1 * ; V '.iVvh', of the aircraft. 

I /^ o . : I’d determine t 5 \e 

telo'Ct ::! ’h- .Lfp raft and tarj^ets — 
solr r coon (d echo returns 

vhich ar-' d\' iilaved on the screen. 
:>e\onhaa; U:-' .li>tance between the 
l.oiU'iu I a- Hk; screen and echo 

vc-tuvb-, ih.v known range marks 

(chv !•■:-). !'■ - iigcis are between range 
inarVai, a c : iiuph- interpolation to ob~ 


w^r" 








@ OPR 






tain 

v-n.Mo'f- !,,u ,>„;w>Hon. The periphery 
.!,„r n is graduated in 5 ° in- 

o£ the m. ..vtond hu ' to the left and 

‘''Tt^of\hc hf.n'cnce mark. Determine the 

^ ’ u- .U-nhiVi-l on the screen. 




geis. 
ii^c a af * 




... ■—■ “ •"■■ 

16-31, Range «nd 

^ , ; VoY botla range ana gcreen 

a. General. ^ center of ^ 0° 

termination, the ® ^ aireraft- 

™r..ents ,,,, ep«sents ' 

calibration on the rjy^erefore. 

heading oi tta rlfM 

returns displayed to the 


,,. 3 ,. R»d.,Wea,.erOb.^ 

T1.0 .-'■'-''■"',1';;;' ' Svstem ikthe 

borne Weather hazards as a ladj^ 


„„o„e weather > 0 . 4 .. - weather conaiui^-^. 

enable? a" ^ around scatter ea 

^vill assure a .. storms. 

or even thremgu sEffely 

1 ,^v•aer far the aviat j^-EormatioTi 

«■'*■= “; *lrS toil, ’and loaB con- 

aitiaas 4ich are 

baaed "i'"".’; , veM>ca to distance) 
densiV^^-^ indicatoi . 

displnvid ,„aet«itieat«''"f° fves- 

„ “ ” f'aieatot are baaad 

i.yl ihtt vi^dc'i ,^v(rv pulses 
/ . *i-ii racliO''^* , 
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thjn layer of watei-l j 
g-i-eater than 1 snow (when 

gradient is detecte^L I’n rainfall 

cu^uit, which is conLhp /'®®'''^ the contour 
with the master coJ w APN-158 

swi^tch is in the CTR positilT^tt' 

euit IS operative and area? contour cir- 
nre presented as dark ! ^‘atnfall 

2''^thin the bri^hSr S ^ S T 

1 7V‘ 

shmusilew infcte t|,at 

a^oomted with steep ‘"''J"'™") ^ 

heie the change from n ^^n^^^tents, i.e 

to the shJ^e'Hi™” 

indicftorafwl'S' cores »” tlie radar 

*’ow ring of bright a nar- 

cores are not displayed ^®”versely, if 

funded by a w£S Z r tl''’’ “»»'»> sui! 
‘jyff '‘‘Me tarbplence*ei|i5’‘i'“‘‘"^e. rela- 

ahkl7ekr!S"^ area, the aviator 
«o cores are display^ areas where 

« greatest. It SZteVl^? ‘“'‘““S 

gions which display narrow re- 

in areas of heaw”*'^"*' separation 

themselves, mav «,v+ k rainfall which 
^tthough a thZZ^^J’l^^T^-ous to flS 
storm cell, the typical la?o- » siifgli 

contains a colleetfon of se?L!?”^ 

si^if stages of devi/"^^''^^“^^ 

sipatjom Thus, the avS and dis- 

rradar presentation to dete^m' 
itions within a storm ma«!c^”^ storm con- 
scope continuously for ? ’ monitor the 

^«ci old cell decay ' development 

life o? a"tSk“,Si ta*' tkk*'* t ““ 
approximately i hour Ik"/'**'™ o'oud L 
wjJl usually have morkhar “"““leratorm 
eharacteristics of the stomTs'^™ “"• «■= 

so 

1^26 ■ 



(i)ft.V AROUND 



ffure le-zi. Scope display of turbulent areas. 

k* 


"■ould ProSbly mcoSte'* ®r ‘ ®»‘ 

*<™ one at llWo%t?”"‘ 

with 

IS ‘"‘Shed upwam MS ^"wnl^alts, or it 

Of the thunderstorm h from the cell 

«nd turbulence are iSiah?” ' ' 

usually indicated on the 
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radar as liiig-ers, hooked flngei's, sea ope ’ g 
or U-shaped projections extending lo ^ 

of intense echoes. These presenta these i 

to hail fallout and/or tornadoes. Avoid these ^ 

dangerous projections. Also, avoi . ; 

neath the overhang of a thuntostoim ^mce 
this overhang may be a hail-shaft ^ 

In summary, when entering a teund^^ 
storm area, the aviator shoul ^ _ returns 
area, which produces intense, storm 

((A), 16-21) H 

area is necessary, the aviatoi 
pass through areas 'vhe^/J L'es is 

played or M for example, 

the greatest ((B), fig. ,.g’ of two large 
the radar indicator has a disp y i 

cores separated by a 4 lly denotes 

returns, the narrow bright . .j.|/inust be 

an extremely turbulent a^ea. . 

avoided. If a wide in 

turns separates the b ^ h • sepa- 

this area is generally aircraft 

ration is indicated (par 1 ^. , 3 . 

can be ftown through e holes, with 

turns, midway beteveen the black 

relatively little difficulty. 

16-33. Radar Weather Interpretation 

,, Precipitation « 

the transmitter wdl J.^J'^^tion areas near 

loss of echo appearing at a range of 

continued attention. 


b. A rule of thumb f/bypaS tiem 

shear (strong ^""^"^“nVght level tempera- 
by at least 5 miles , ^ ^^liies when 

tures are above ^^es are below freezing, 
flight level tempeia tempera- 

Since the ice crys ^ ^ strong signals as 

tures do not f ^urn d ^tme^ 

given a gieatei ciea ^ 

..adar ene,-gy on the^®!^- 

St mw Sum be used to Keep the mie 
bang pointed at the 

a. Prolonged nse immediate 

Is dangerous, ^hi t y aviator may fly 
vicinity in "“'tete dete. ,^ 

into a should be used to 

their pi-esence. „( suspect 

obtain a gsj range setUngs. The 

«ten be returned to the ienger 

' “T bC tat'draSrshould not 
1 weather biiefing, storm inf or- 

1 depend inoperative 

mation since the set uicty 

during a flight. 
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b. Mode. A mode selection knob labeled 
ilDG (heading) and ILS (instrument landing 
ay. -item) is located on the bottom right side of 
the ajjproach horizon indicator (fig. 17-1). 
Tile aviator selects the mode of operation by 
placing tliis knob in one of the two positions. 
The IIDG mode of operation is used in all cases 
except wiien the aviator is executing the final 
approach on the front course of an ILS. 

c. Bank Pointer and Horizon Bar. The bank 
lM)inter and horizon bar (fig. 17-3) work 
together. The bank pointer indicates the amount 
of hank read from the 10°, 20°, 30° and 60° 
graduations at the edge of the horizon disc; the 
horizon bar correctly indicates the bank atti- 
tude of the aircraft throughout all, or any por- 
tion. of a 360° roll. Under ordinary cruise con- 
dition.s a coordinated turn is accomplished at 
approximately a 25° bank angle (c(3) below). 



(1) Pitch bar. The pitch bar correctly 
indicates the pitch of the aircraft to 
plus or minus 85°. The bar moves 
independently in front of the horizon 
disc in contrast to conventional atti- 



Figure 17-4. 


Pitch bar and pitch trim knob. 


oai move as a unit. 

(2) Htch trim knob-HDG mode. In the 
HD(J mode, the pitch trim knob (bot- 
tom left side of indicator) allows the 
aviator to adjust the pitch bar with 

iSfa liorizoii bur for pitch 
attitudes up to plus 20° and down to 
minus 16° The knob is marked witli 
dots at 6® intervals, 

(8) PUch tHm Unoh—ILS mode. When 
the equipment is placed in the ILS 
mode the pitch bar is automatically 
djusted for the correct pitcli attitude 

Pitch JiPPi-oach. The 

the pitch bar " 
a. Steering Pointer (fig. 17 - 5 ). 

(1) HDG Mode. In the HDG mode, the 

by data 

ingthp ii a* aircraft is maintain- 

mfrW heading 

jnarker (par. 17-3c; and 0° of bank^ 

temd iT^vf 

e aircraft tends to deviate 
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Figure 17 - 7 . Warning flags. 


up ; a poanter deflection below center indLtel 

tom waS”/ S' 

^ ^ th^VOR/\a^^v appeai-s if 

nJ 30) receiver 

receive? iif oi* if the 

Lnr ^ ^ unreliable. If the 

LOG flag- appears when the aircraft 
f wathna range of the transmits l/d 
the reco ver is tuned properiy then 

VOlT'I^f *0 another 

VOR xeceiver (if available) or to a 


^e^ondary navigation syt 

(2) The GS flag appeal 

gudeslope receiver is not 
when the glideslope signal 
ing relaably received. If th 
appears on final approacli 
fih deslope sagnal should be 
the aviator disregards the 
data and continues the 
using other navigation ei 
This occurrence may chanfi*, 
thorized approach minimuma 
(3) Indications of 

lug pointer should be dis 
when the steering 
peais, indicating that po\v^e 
being supplied to the steeri 

^ ° warn 

appears attitude informatior 

dfi unreliable. The 

disiegards pitch and bank info 
from the ID-882 and relLs ^ 
f<^«tude indicator 

Se fo • bT' ap 

IS aircraft equipment 



Figure 17 - 8 . Azimuth 


nng. 
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Figure 17-7, Warning flags. 

('2;tn itbove or below the glidepath by refer- 
ence to a standard 5-dot vertical scale at the 
i-itt oi the instrument face. A pointer deflec- 
tion af^ovc center commands the aviator to “fly 
'Oh : a pointer deflection below center indicates 
m are made 

Ur ■ " pointer and then (2) by 

imin-ra/ fi'T they simultaneously 

• rl ^aih the glideslope center line (indicated 

X ‘ pointer is at t e cSter 

-ae of the Mi! 

fern- " IniTne' Sf J 

i're IS by 

(1) LOC flag. The LOP flo 

3™:, “"“-bon/ 

LOP fl ^ ^ uiii'eliable. If the 

h “'.“■•“■•aft 

the receiver fa 
tJie aviator shLl^ 

VOH receiv«!-T,« ~ -Mr 

I 


secondary imviftation svsim,, / 
ADF). " 

(2) GSJlao, The GS ilnii' itPDOiirs when th, 
g’hdeslope receiver is not |■ 11 n 
when the glideslopo signal is „!! ^ 
mg reliably received. If the GS 
appears on final approncli when i'® 
KMeeloiie eifflmi «l,„„|,| 

the aviator disregards the glidndn, 
data and continues tho nnnv f 
using other navigation oquiinS' 
This occurrence may chiuige tL ! , 
thorizecl approach niiniimims. 

(3) Steerinff flap. Indications of the sImi- 

Hig pointer should bo disrogaS 
when the steering warning flL 
pears, indicating that power is iilt' 
bOM .suppllod to too Z 

(4) Gyro flay. If the gym warning flag 
appears, attitude information (pitch 
and bank) is imreliablo. The aviator 
disi-egards pitch and I>ank information 
from the ID-882 and relics XZ 
plementary attitude indicator or iisls -- 

?tT^fnr procedures ns appropfl. 
ate foi hia aircraft eqiiijmient. 



Figure 17-S, Azimuth 


ring, 
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^Otc. The ID-882 gyro does not furnish 
hank information to the steering pointer. 

,7,3. Course IntHcator-lD-SSa 

The course indicator ID-88S 
“■ .n2) shows ti-ie magnetic heading of the 
. ft and a pictorial presentation of the aiv- 
r^wirvesiU to a selected VOR radial and 
station or localizer course. 

,, Azhmth Kincj. The aaimuth ring (fig. 17- 
J' riven hV tiie aircraft compass system. 
t) almost a duplicate of the azimuth ring 
’ 'tl S 12). A» long as the com,*, 
Lt«m of the aircraft is operating properly. 

ir. maer the lubber line and mden at the 
ton of the course indicator. 

system with uao 

nifleant heading errors (TM 1-215). 




.'hMIHBL 

Bill 




nificant ' 

a Betulmll Mm-k^ '‘ttbe'hSinXoh to 
17_9). The avmtor turns ^ marker 

move the heading ^ pointer 

tr w"ltThrta:din« whth the aviator 

Lire, to fly is ‘avi- 

the steering pointei le steering 

ator follows the tL desired 

pointer to reach, an ro under the 

heading, with the head g j^g^pg the 

lubber line. As long a j-ecenters it, the 

steering pointer the lubber line 

heading marker remains 

until the aviator selects a ^ ^ 

(1) In turning heading 

the aviator should tin 1 m 

knob to the right, caus g • tor The 

Stion of tv- Wt 

opposite procediue s 

turns. A turn of the «io ^.^^g this 

180° reaction 

will cause » steeri g 1 
Opposite to tha _ pxcess of 
craft is to be ^ procedure 

(2) The heading maiker s 


Figure 17-S. ’ 
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Figure 17-11, Course arrow tuned to VOR station. 


making turns to all new headings ex- 
cept when the equipment is operating 
in the ILS mode. In the ILS mode, 
the heading marker has no effect on 
the steering pointer. Consequently, in 
exceeding the final front course ap- 


proach of the ILS, the avinto: 
the heading marker on the r, 
approach heading. If a misse 
proach is executed, the a, 
changes the mode back to III>< 
the steering pointer then reacte 


TM 


torial display will W^v 

example , the ai re ruf t ( tl y: , 1 7 U ) i - 
flying a heading of 02(r in ii npt 



Figure To^from arrov>. 


heading marker setting. This feature 

cm be espeetoUy 

missed approach course diffeis 

the final approach course. 

4. Cmne Bar, Arrow. “*'* the 

MO). The “to-488 (ch. 10). 

mrse selector used the 

fith the course knob, or radial, 

>„rse aiTOW to ““^r Indicates 

ranyiocoteer co«,.r.Th«oa^^^^^ 

he position The entir© couvsB 

vith respect to the airciaf . 

>ar moves laterally across inner 

:ourse indicator on a stenda 

ing of a small inner ® functioning 

important differences bet more 

of the ID-883 course indicatoi and the^^^^^ 

conventional course indicatoi ( » 

^'^(1) When a VOR J'e^fer the 

course arroiv may be set on eit 

course or the course 

it the aviator wishes t» ^^Het 


the 150° radial Chh* (•(lur.-K.)) in i ■ ti .1 
to the VOR. In (A), tij'inv ITU 'i.- 
cour.se ariwv is .set on l.'o ; tn ill), 
figure 17-11 it is set on "jiio 1 ho 
course bar indication is idtoiti. hi in 
both case.s; it depicts the (I-- ii. .l 
course to the right-front of tiiv' ;h,r- 
craft in a map-like display. 

(2) When the localixer transmitter of uu 
ILS is tuned, the ermr.^*: (ii r/n‘- si. '; ' hr- 
set on the inbound fronf ron/v. for t'ue 
indicator to display the corjv. t pic- 
torial relationship bciween rtie air- 
craft and the localizer conr.-e. 


Note. This applies to open.ts 'n id 
modes whenever a localizer m t ji -n, re- 
gardless of the flight siuiatirtn m- 

bound, outbound, transition, or mt' rs.-ctum). 


e, To-From Arrow. The to-fri.nn arr 
17-12) is aligned with the cour.^e arrow 
appear at the head of the course arro 
ing in the same direction as the conn- 


o\v (fig. 

: it may 
V.' point- 
:o arrow’ 



Figure 


Miniatwe airplane 


atiid h'**-®- 

)7~.y 
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Figure 17-li. COMPASS warning flag. 


({B). fig. 17-11), or at the tail of the course 
arrow ((A), fig. 17-11). It does not show the 
direction of the aircraft but shows the 
location of the station with respect to the air- 
craft along^ the selected course. For example, in 
(A) and (B) of fij;ure 17—11 the to-from arrow 
indicates that the station is to the left-front of 
the aircraft; i.e., it is at the western extremity 
of the 150°-330° course line with respect to 
the aircraft. The to-from arrow shows the cor- 
rect indication regardless of the course arrow 
setting. In (A) and (B) of figure 17-11, the 
petition of the to-from arrow is the same al- 
though the coui-se arrow setting is for 150® in 
(A) and 330® in (B). The to-from arrow is not 
visible when the receiver is tuned to an ILS 
localizer. 

Line (fig. 

-13). The miniature airplane is mounted at 


the center of the instrumonl, fneo. The hiijijj,, 
line is marked at the to)> of llie face along thu 
vertical centerline. The lul)l)ei' line indicates 
the aircraft heading. T'lio miiiinturo airplane 
indicates the position of the aircraft with re- 
spect to tlie selected course. When the miniattire 
airplane is pointed towai'd the course bar, the 
aircraft is approaching' the selected course. 

(f. COMPASS Warning Flag. 

(1) The COMPASS warning flag (%. 
17-14) appears wiion tlioro has been a 
failure in the conipas.s system. In some 
cases the compass may fail only in the 
slaved-gyro mode and may continue to 
function in tlie freo-gyro mode. The 
aviator should follow the procedures 
for slavecl-g'yro compass failure recom- 
mended in the apjrropriatc aircraft 
operator’s manual. 'I’ho appearance of 
the COMPASS warning (lag also 
means that tlie aviator must disre- 
gard indications of the steering 
pointer, since steering' pointer indica- 
tions are based in i)urt on heading 
data obtained from tlu! compass sys- 
tem. 

(2) Although a compass system failure oc- 
curs, the VOR information presented 
by the course bar and to-from arrow is 
still reliable and usable uniass the LOG 
flag appears. Ilowcivei', to interpret 
indications of the course bar tlic avia- 
tor must make adjustments for im- 
proper headings that might appear 
under the lubber line. For example, 
the aircraft (flg. 17-1.5) is tracking 
inbound on the ISO” radial maintain- 
ing a heading of 0". The azimuth ring 
of the course indicator .shows 040° ns 
a result of compass system failure, 
However, the cour.se bar i.s centered 
under the miniature aii’jrlane indicat- 
ing the aircraft is on course. 
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Fiffure 


re 17 ~ 1 S. J-mproper 


heading 


Section 


ing information because of compass syslc 

i.- ... « 


17-4. Before Takeoff , fnllowin 

The aviator should make th 
flight checks: 
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Aircraft is oriented on the 270“ radial flying a heading of 240°. 
Figure 17-16. Orientation using the integrated flight system' 


lay, check to see that the GYRO, COMPASS, 
and STEERING flags are masked. 

e. Set the ILS-HDG switch to HDG. Move 
the heading marker 90° from the lubber line. 
The steering pointer should deflect in a cor- 
responding direction. 

d. Return the heading marker to the lubber 
line. The steering pointer should center. 

e. Set the ILS-HDG switch to ILS. Move the 
course arrow 5° from the lubber line and re- 
tuni it quickly to its original position. The 
steering pointer should deflect abruptly and 
return to center slowly. 

/. If ground VOR and ILS facilities are 
available, tune the navigation and glide-slope 
leceivers to the proper channels. Check to see 
that the GS and LOG flags disappear, the glide- 
slope pointer deflects in the proper direction, 
the course bar centers correctly when the course 
arrow is alined with the omni radial on which 
the aircraft is located, and that the to-from ar- 
row displays properly. 

ff. Check the course indicator azimuth ring 
or proper followup to the magnetic compass 
uring taxiing, and cross-check against RMI 
tzimuth ring, 

17-10 


h. Check the pitch bar and horizon lim 
correct indication of aircraft ground atti 

i. Before takeoff, check to see that the 
HDG knob is in the HDG position. 

T7— 5. Orientation 

Orientation using the integrated flight 
tern course indicator is accomplished as fol 
(flg. 17-16): 

a. Tune and identify the station. 

b. Rotate the course arrow until the co 
bar centers and the to-from arrow appear 
the head of the course arrow. 

c. Read the radial on which the airerai 
located under the tail of the course arroM^ ; 
direction to the station is under the coi 
arrow, 

d. Read the aircraft heading under the : 
ber line. 

1 7—6. VOR Track Interception 

VOR track interception using the integra 
flight system is accomplished as follows: 

a. With the course knob, set the course ai'i 
on the desired course (or its reciprocal) f 
17-17®). 

AGO 84 




The ,v..» 

coui4 arrow is ^et to 200 • ^oved to p^^trv deflict 


17—1 1 
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' < V 4. ( 

fr th*e°MO*“ ^radial™*^jre^ iw]?i® pointer to the new heading 

^ront^of the aircraft. The 

Figure 17-17(^ Continued. 
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steering pointer are center^* The to from awnw «h * V course bar and the 
neieo ine to-fiom arrow shows the station behind tlie aircraft. 

Fw^ire 1 7 ~ 1 7(4) Continued. 


7-14 
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With ttic hcadhig knob, set the heading 
^ 4 tl 44 ' heafhng' witich will intercept the 
mai’^'VAhe angle (fig. 17-17 ©). 

j,^tcrc«ih«>n '‘h" and fiO” are standard (par. 

n.,w tlie turifiiii? command of the steer- 
. to lhe new heading (fig. 17-17 ®). 

the interception heading and ob- 
“r closure rate between the miniature 
o nnd the course bar. Just prior to inter- 
aii'plan heading marker to the de- 

^ ® 

”®Llow tlw commsmas of the steering 
Jnto' to veil ont on course ana on heaamg 

(lis. tW’ ®> 


17 - 8 . VOR Inlersections ih^ tD -883 

a. Establish 1 1 n.Mi 3 "n' ' ; t ' .-;uiing 

necessary to ^ ^ . - v:'- *‘ucriift 

track inbcmnd to 'hiUon. 

iVofc. Sum)U‘mvTi’ui y ; ■ • - ur-« d to 

maintain this tiucV; if o 
equipped, 

(). Retunc Uio V(>1*, r - . 
facility used to (.•riUtuh-h t 

c. Set the enur.-v' 
reciprocal ) pa? ? i i ig t i o > • . : u 
This will cause the fus 
same position iu .>■ 

plane as the actual ve.ili -i 
aircraft (point X. tig. 17 V.>* 


iy-riiiUdy 

I ho ulMrack 

• ’ 

.. -= t.r-bul (or its 

h i!ii.*’rsection. 

.^.^3UIne the 
i.f nihunlure air- 

;;i r^dtAtioU to the 


17-7. VOR Tracking 

It- vn 17-17 © akows the aircraft on track 
correction. The course bar is 
using a 0 marker and coum 

centered ai d i setting under the 

arrow are bot erosswind produces a sig- 

lubber line. When ^ f from the 

uificant ©), execute the track- 

ing procedure as 20° toward the 

— n <4^- 

^ b^Follow the rehiteSpting 

pointer to the new heading 

the course. rlosure between the 

c. Observe the rate of bar. J«st 

miniature aircraft ^ heading marker 

prior to interceptmn. reset th^ 

io n brains '’X 1,-18 ®). 

rection into the wind ^ steering 

d. Follow the On the new head- 

polntci- to the new approninriWy 

ing the course b»i aira'f*' 

centered under tl _ lubber hne, t 

heading marker is ^ the course arrow i 

steering pointer is and the 10“ crab 

offset 10° from the ^.^urse bar and 

angle is pictured be _ X7-18 ®) • 

the minature aircraf ( * . corrections (> 

Note. Make ^racketing pme^ 

necessary) using 

(eh. 10)<.^«-J^^„J“^a?^taining new headings, 
for turning to anO. T” 


aircvalt ipoiiu a, it,. 

rf. Whei. the I <» !••’ ‘liomt Y. 

fig 17-19), the nirvrafti- ^ )nters,ection. 


17-9. Transition. ProcedwJe Twm, and ILS 
Approach 

^ IV ‘>u \h-‘ iiui ?utt arriving at a 

In figure li — _ ' ; , . ^ ^ i,0M, fty 

VOR station ,,Hd complete 

outbound for ..,n, ,eof an ILS. 

the final apT>rach ' " ' ■ ; .. ...urker beacorL 

The uimaft « r«:eivee. tK« 

receiver, dual ' hitegratexi 

RMl ’! lit One volt 

flight system ; y y ^ < irKuhzev and dis- 

receiver is tuned . vOR receiver 

played on the 11 - ■ ^ - .=,r and display e<i 

istunedtotho liH-al « ;;y-^^-^^^^^^ re- 

on the lD-24.n ^ tKe 

ceiver is tuned to n 

10-250 (No. 1 ; -T'he aircraft ap- 

a. Poin! A ^8' ‘ ill, the locaU^ev 
p,. caches the «’ • ,v;:‘,„,ii„ai«g theloc^tX®’' 
i»„Ml and the tm>=; .v,. BMl indicates 

track. The "um R .,»tion and tlje ituirv- 
t„e 200’ track t« ihe i«c«ion *0 “e -com- 
ber 1 arrow mdi^ Mrker 

pass locator at th‘ ^ but ttie 

vlideslope receiver .^.igpsl. Upon statioia 

Lg indicates transitioia to 

passage, tlie t - 

ike hoy^- ^ set fox the 

The course ' %TTOVt does .^T\ot 

f^ote. The .. , p^ret sieT\a.l, 

■ Ty-Ts 
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tfiff- 
• tran: 

t!ie 
^‘f I a 


aviator is 
JD!) The number 2 RMI 
<JJm't.on to the VOR (080°) 
-row indicates the di^Uuon 


Figuic 17~i8(^ — Continued. 


to the LOM 'T'l 

localizer coui'se just t„ tt "’.“‘it® '‘l'»ws the 

0. Point c Z "“Wt. 

turns outbound after ftviator 

d utter passing the LOM. He ro- 
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Fiffure J7-19. VOR intersections using 


the JDS83, 
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iripurc J 7-530(2) Continued. 


late» U,o lusuH.w maik.^r ■I''- lott l«‘;“;“,f “jf- 

wimmaiKlH ol' tho «Un!i iii|>: (Ues 

(I FoiHfc n ((U(. I'/ (-f)). 'Ihc ^ 

away from tho looiili'/or (-(mvim lor 10 aecou - 

AGO filiaA 


(lha course bar moves off the tait position of 
rZlata.. alra-aft). He "" 

'LrinK i»intar to deflect to the neM. 

17~2\ 




not be rotated 


rotated r.u„ 

'>•) As the • « 
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Fig>tre /r-20@ Continued 


course bav had been several degrees away 

held a neaiuiit, nnint of mter- 

[itccl a position neai the i 


Note. At point E. the «li. W 

center, indicating I**'’!'** ^ upr; jx.svtion. 

signal. The mode knob is .still m 

* /»!. 'V*"*-! til I't? 1 1 I I 


'■nai. 1 ai? niw'- 

point F iH. lT-20 ®). AOor 
the piocedhre tun, end tetovu |.»»uB 
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: inode knob to the ILS 

. ' • ; • >‘i-!ii|i!rioiit ill tlie ILS mode, 

: , ; i,;:.-,' y sensitive to the localizer 
: > n ni.iiids the aviator to maintain 
; . . h. 'i'ke }i:n-h bar automatically 
•' 1 iv ,i: -oiaoach attitude in this mode. 

I • fi'finter mm-e.-; toward the g'lide- 


17-20 iT)). After pa-ssing 
; itor maintain.s the glideslope 
• I i'l ii tjar to the giideslope pointer, 
j ' '''j- tlw p'dnier and pitch bar to 
'if- tile lovalizer beam by keeping 
-'i :: i nitr'i- ventered. Since the ADF 
• ^ ' ■ • ‘'i (Uiicd to tlie LOM, the number 

i .. V ! :ar.t . T.jj 270 -. Tile mimber 2 ar- 
-e ^ ii (0 (If; station, a.s this facility 
' ‘ !'ii>M‘d apiiroach i.s to be exe- 

' <r < ..diic’- marker iia.s been .set to 060° 
a; v.. .j apiaviach procedure. If the 
t“xeciited, the aviator 
"<• b.:!h to JIDG and the steer- 
' (leiieets (he left. 

5/- ?0 Sock Coorse IIS and VOR 
Approaches 



'•'Cvuting a b;ic:k cmir.se ILS ap- 
•:"'''"'Hf>>t ],oint,s differ from the 

’■ l>- l lie.se difference.s are— 


(I) The cour.se arrow i.s .sot to the Inlimind 
frcnt c()ur.se in.stoad of the (inal ap- 
proach course. The inbound front 
course setting is luser! nni/ tiino a lo. 
ealizer transmitter is tuiusl, 

(2) Tile glideslope reeoivor will lx; oH' or 
disregarded since there i.s no glide- 
sloije transmitter on an ILS hack 
course. 

(3) The mode switch remain.s in tlie IJiKi 
position; consequently, tlie .sleei-iiiii' 
pointer is used only in turn.s and in 
maintaining heading. Localizer track- 
ing is accomplished by reference lo the 
course bar. 


. - ii&iog MIC iiuograted 

fbgh; sy.stem IS very similar to the iiack coLir.se 
ILo, except tJiat — 


(1) pie cour,se arrow may be .set 1:0 oitiier 
the final approach course or to its re- 
ciprccal. The presentation will lie the 
.same in either case. 


( 2 ) 


pie sensitivity of the course bur ivill 
be 10 on each side of center ratlier 

forG 

foi the ILS localizer. 
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CHAPTER 18 


automatic flight control system (ASW 12(V)) 


eneral 

automatic flight control system 
2(V)) installed in some Army aircralt 
1 ' in principle and operation to other 
, systems that have been used on air- 


.v»ft for several years. This chapter is pri- 
marily concerned with the operating techniques 
and limitations of the system. 

The system provides for basic aircraft con- 
Ji Id alrtomatic navigation by the oporation 


;h control 
p SWITCH) 


ROLL CONTROL 
((TURN] KNOB) 


PITCH 


ERVO EFFORT 
'JDICATORS 



ROLL 


CONTROL 




FigiiTG Flight control 'panel 


.43A 


18-1 
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PANEL 

INDICATOR 

lamp 




yERtfoVL] 

sel'ect 

SWITCH 


PANEL 
INDICATOR 

lamp 


:''tirriCALl engage 
swi'iCM (AcrrruDE) 


■AUTCr P il QTi ENGAGE 
SWITCH (ATTITUDE) 

PANEL 
INDICATOR 
LAMP 


HaTeWI 

SELECT 

SWITCH 



PANEL 
INDICA' 
LAM P 


Eateral i engage 

SWITCH (STEERING) 


PANEL 

INDICATOR 

LAMP 


‘he AWt contl-ol 

r. 'iHV). , f I ^ navigational 

' • control panel (fig. i8_2), 

* . h - nitiving the combination TURN knob 

f lio iiircrafi. Tlie nnb, descend, or turn 

‘•ngagtd in the verticil modcf 

idtiiude or to mn\ a con-, 

fvn SLS glideslone- ^ descent on 

l^aeral mode to maintaTn^ the 

^ selwted Omni radial^ o heading, 

'‘taiai, or a localizer coui-se. 

■* 1-2 


Figure 18 - 2 , Navigational coupler control panel. 


LUrv; 


18-2. Preflight Checks 

Prior to flight in an aircraft eouinned 
perSliTl a® OTiiitor si 

^ «.^Oheck the airoraft controls for free m 

knobs on til m T1 

tered On fu eonti’oller should be i 

tered. On the navigational coupler, the sw' 
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in the centei* labeled AUTO PILOT is the 
master switch; it should be turned OFF. The 
VERTICAL and LATERAL engage switches 
filiould be OFF. The VERTICAL and LAT- 
ERAIi select switches can be in any position. 

c. Apply basic aircraft electrical power. 

d. Check the servo effort indicators on the 
(light ccnlroller. After applying power, the 
indicatcrs should be centered as they appear in 
fig. 18-1. If they fail to center, the system is 
malfunctioning. Stop the procedure and report 
the malfunction. 

e The gyroscope used as a data source for 
the' system requires about 21/2 to 3^2 minutes 
for erection after power is 
period, attempt to engage the AUTO 
(master) switch. It should not engage during 
the 2 V 2 - 3 -minute period required for gyro 

erection. ATifn 

After gyro erection, engage the AUiu 

PTIwOT switch. 

f/. Operate the pilot release switch located 
on' the control stick (or wheel) and see that 
the AUTO PILOT switch disengages. 

h Reengage the AUTO PILOT switch and 
rotiilc the^roll control (TURN knob) to the 
right Note that the control stick (or wheel) 
mLes to the right. Rotate the roll control to 
the left and note that the control stick or wheel 
moves to t^^ left. Recenter the roll control. 

i Rotate the ROLL TRIM control to the right 
and toff and note that the control stick (ov 
‘Xiel moves right and left hr response. Re- 
center the ROLL TRIM contro . 

j In addition to turning, ^he TURN toio 

, J; he depressed stl^ 

movement correspon as a pitch 

Jofthl TURN knob is called a heev switch. 

tie pitch 

and note that the contr , that 

iorwavd. Ml the “^tfea aft BeU-ta 

rernSSSrw;e:r^onetu..a.,aa.n.the 

pitch control. 

18-3. Inflial’t 

canton.- 
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all three servo effort indicators (HIT), .\IL, 
and EL) are centered (fig. 18-1). 


«. Engagenmit. Perform the .starting proce- 
dure for engagement of tlie automat ic flight 
control system as tle.scrihe(l in iruagiatih 18-2rt 
through /. If the AUTO PILO T (uig.igo switch 
(fig. 18-2) is engaged duriitfr a (liivd) or glide, 
the aircraft will conUmie to climb or glide at 
the prevailing pitch attitiol-, b ti;-.- svsteni is 
engaged while the aircraft i.-: osi i ulnr,: a liuiiked 

a-., . 1.1 ,,,j( 


maneuver, the aircraft 


\v;il 


, iiiv 

maintain the heading estai li. l.c i at iho time 
of engagement. The aut sua'i' tlij'lii f-ontrol 
system will aline itself v.'iiii tiw cxii-tiug i)itch 
attitude at the time of *>!r!.o gciiH'ht, lait will 
level the aircraft from a l.!uiiit!:!,r Semk and 
maintaiti the existing licading. 'Ihc ..y:-t.mi may 
be engaged in any pitcli attitudo of die aircraft 
up to rtVfO ' and in roll atliUidr.; u|- t-. *-0‘ . 

h. Ca'iiiiHdnil Oiii rdtiii,'. 

(1) Pitch (iftitmlr. To sol t! '.' vat*- of air- 
craft clinil) and dt-'ccui, ir-.,- the pitclv 

control (beep switch ) on to- !lighl con- 
troller (fig. 18-1). Pn-ic,ng tim pnvh 
control forwar<l will 
nosedown i-itcli rat*:-. I.mo.o-;' the tntcU 
control aft will .f m-d mW 

pheh rate. When tl,c pit.,o ; onmd if> 
released, the HV.-t. to will miuntam he 
aircraft in tlie c.la.hli'-!*' -I pdeh atti- 
tude. 

(2^ Turns. To establish a ' ; 

roTite the rcll contr*** ' 1' ' i?!- 

of the (light contv*.''h'vdi,c'. ^ ^ 
of detent to ll>e right. t.*r a right tuii\ 

.. I ft f..v toft Inrn. Hotnrn to 

or to the left foi < ■ - .'I'TiPT^T 

aloA-elaltiliuleh.y v,daiuigtue LRISr 
knoll hack into its detent position. ^ 

/q-v lioii trim. To trim tli*; aircraft 10 I 

without a 1 -cadingchaii^ 

iust the ROLL TRIM ci-.nir.'l (Itg- 
1 to the right or left in proptaRon to 
the anKHint of mil him needed. 

To operate t1^ must lie turned to Olsf 

AlX U.= 

must be operating properly. 
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( 1 ) Ih’innu tyic iilfiiudi’ control. 

ill) Set tiie VERTICAL select switch 
to BAR. 

ih) Turn tlie VERTICAL engage switch 
10 OX. The aircraft will now be 
automatically stabilized to a con- 
stant indicated altitude based on the 
existing altimeter setting at the time 
of engagement. 

I .) ali ke altitude changes by disengag- 
ing tlie VERTICAL engage switch, 
cxectuing the change in altitude 
with t;.v in'tch control (fig. 18-1), 
and i-eengaging the VERTICAL en- 
gage switch (fig. 18-2) upon reach- 
ing the de.sired altitude. 

(?.) R“dnr cUitudi control. 

id) Set the VERTICAL select switch to 
RAD. 


(h) Switch the VERTICAL engage 
• witch to ON. The aircraft will now 
lie .stabilized to a constant abso- 
lute altitude based on the radar al- 
timeter. Altitude changes are made 
as described in (l)(c) above. 

Caution: Over a period of time, 
if the barometric altitude of the air- 
craft changes more than 400 feet 
(plus or minus), disengage the 
VERTICAL engage switch, correct 
altitude, and then reengage. 

(3) Glldi'shpe altitude (APP) control. 

id) Set the VERTICAL select switch to 
APP. 


(b) Oil final approach when the aircraft 
IBS glidepath is intercepted (cen- 
tered needle), turn the VERTICAL 
engage switch to ON. The aircraft 
will now automatically descend on 
♦he glidepath. 


r„'(n' Counter Oneiatum. 
. > ifi ! - beioiv, assume that the air- 

1 i I IT with the AUTO 

...I .E,il,o„ reeaivem have been tuned. 

-rn'tomef "-i'llained 

iedre!!' '“"‘■"•‘"S f-d- 


1 ft— 4 


(ft) Set the LATERAL select switch on 
HDG. 

(b) Set the heading marker to the de- 
sired heading (]>ar. 17-3c). 

(c) Turn the LATERAL engage .switcli 
to ON. The aircraft will now auto- 
matically perform coordinated turns 
to maintain the selected heading-. 

(d) Make changes in aircraft heading 
by rotating tlie heading marker. 

(2) VOP select. Automatic tracking on a 
VOR course is accomplished by — 

(ft) Setting- the LATERAL select switch 
to VOR. 

(b) Engag-ing the LATERAL control 
switch when tlie aircraft is within 
a half-scale (5” on the VOR course 
indicator) of the desired counse and 
on an intercept heading within ;>()*’ 
of the desired course. From this 
position the system muII auto- 
matically intercept and maintithi the 
selected VOR course. 

(3) Localizer select. Automatic tracking of 
an ILS localizer is accomplished as 
follows: 


Caution: Do not engage the lateral 
LOG mode on a back cour.se IL.S or 
when outbound on a front counse ILS. 
(ft) Set the LATERAL select .switch to 


(b) Ply the aircraft to intercept the ILS 
localizer beam at a 45" angle. When 
e ail craft localizer indicator 
needle first begins to move away 
from tlie steps, turn the LA770RAL 
engage switch to ON. The aircraft 
wi now automatically perform co- 
ordinated turns to fly the localizer 
beam. 


11 tne aircrait 

equipment includes a Doppler naviga- 

-""’ll LATERAL control. 

maS u Position, will auto- 
track ^ selected Doppler 

NAV' Ld "thT* SterAl”'”"'' 

-witch iu tu„cd ON at the tImTac 
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nircraft has intercepted and has 
timed to maintain the selected Doi>- 
pler course. 


. At the present time (August 1964) there are 

aircraft equipped with navigational coupler 
Doppler system. 

Stopping Procedure 

^rnSrrAro "Ait; 

' oAiS to Im: autopilot veleaae awttch 
1 stick (or wheel). 

The AUTO PILOT engage swUch (^^titude) 

*«• 18-2) will all cases of AUTO 

^ light (a steady 


^?- 0 ^"‘^di:L?ag!=;W:^sta:db 7 . 7 ght- (a Jeadv 
, 4 ^tTwfll show. If the S 

* Tiower failure, operation o lieht will extin- 

.vitc'h located adjacent to the standby hg -vstern 

the light. If the light does not go out, the sy 
s a*Heady to he reengaged. 

18^5. operation With Malfunction 

a. Overpowcrina the System. The automate 
conLl ayatem can he ovon;"-^^ 
ai^x^lying pressure to the aucia a 

the svstem must be overpowered because of a 

malfunction, disengage f (or 
the pilot release switch on the contio 

wheel) . 

b Command Mode Malfunction. If the action 
of the flight controller is lost, the system can 
still i>e stabilization. 

(1) Center the roll control (TURN knob) 
into detent (fig. 18-1). 

(2) Center the ROLL TRIM control. 

(3) Manually establish the attitude of the 
pitch, roll, and yaw axes. 


(4) Set the AUTO PILOT engage awiteh 

,5, Srllugef'S-attitude by diaen- 
‘ ' gaX to AUTO PILOT engage 

fAvitch. ,, 

(6) Manually position the aircia 
new attitude, 

(7) Set to AUTO PILOT f 

' to ON to hold the new attitude. 

Nmimtional Ceupler "“‘/"f is 

system raalfuMtion «cm h j^^.jj,jiAL 

operating m the V .a,! ;f possible; (e.g., 
modes, select anothei r^osition, switch to 

if fallme occuta m the TOE 

HDG ‘"."'""Srish-ed lom'se). H 

heading tor tiacking possible or 

Operation in another posi ^ flight con- 

Stag Md attitude; and for tnrning. climbing, 

and descending. 

,8-6. Operation Under Advorae Condition. 

The automatic fli^rt 

signed "uX tXrature 

ditions. It will op« .g 

StlTby'exhemely humid 

;Stu Wd by to A io"; 

closure usually is “XTASelat cXentra- 

taken to keep the system free of dust. 

Note. This autopilot system Canute 
operation m helicopters, conjunction 

(iugust 1964) tws >s rm^ us^ed m ^ 

with navigation systems in ^ j I y,e ASVf 


18 
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Chapter 19 

THE DOPPLER SYSTEM (APN-1 29(V)1 ) 


General 

The Doppler system used in some Ai-ray mr- 
iris an airborne groundapeed and drift- 
Tgle computer and display systern. The operat- 
^ f frpouency is 13.5 kilomegacyclea per second 
Tkmc) The Doppler system uses continuous 
wave Doppler radar to provide the aviator with 
n continuous visual indication of aircraft 
Lundspeed in knots and drift angle in degrees 
(without the aid of ground stations, wind esti- 
mates, or true airspeed data). 

a Transmitter. The transmitter radiates two 
beami, left and right of the aircraft with an 
Sar width of 4”, on outward 
11», and a downward projection of 22 aft of 
ttV vertical axis through the mounting (hg. 
19-1). 

b. Antennas. The antenna system conMsts of 

a parabolic reflector with dual antennas for 
each beam— one antenna for transmitting aM 
Te other for receiving. The ground-reflect^ 
signals are picked up by the receiving antennas, 
vvWch are isolated from the transmitting an- 
tennas by a dividing wall called a septum. 

c. Doppler Frequency Shift. The frequency 
difference between the transmitter ^ 

signal and the ground-reflected signal is called 
the Doppler frequency shift. This ^ 

frequency is proportional to the . 

locity; it is analyzed as forward or sideward 


movement by the system components. The dif- 
ference between the left and right fraiuency 
shifts indicates the amount of drift. The sense 
(direction) of drift is identified i)y the beam 
that registers the lesser frequency. Visual drift 
and speed indications are displayed on the drift 
angle-groundspeed indicator (fig. 19-2). 

d. Controls. Controls for the Doppler system 
are located on the NAV control panel (fig. 
19-3). 

19_2. Drift Angle-Groundspeed Indicator 

The drift angle-groundspeed indicator dis- 
plays groundspeed and drift angle righ or e 
of the aircraft heading. An electncally 
red signal flag, marked OFF, is located at 
"wi Wt .He of the dial. 
cedures, consult the appropriate aircraft op 

erator’s manual. 

19^3. Coupling With a Navigation 
Computer 

The Doppler system used t 

UX0V>deeth.»«^— 

information only, inis syst . Aviatox' 

with a navigation compu^^^^^ 

track. 
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GROUND 
SPEED 
REFERENCE 
POINTER V 


N 1 




2 


GROUND 

SPEED 

POINTER 


reference 

pointer’ 

CONTROL- 


■Ground speed' 

InlOlQl KNOTS 


DRIFT ANGLE / 
^C--\ DEG / 3- 

— \jr 


OFF ^ DRIFT ANGLE 

siGr^L flag pointer 

aavn655 


FiguTB 19-2, 


Drift attgle-groundspeed indicator. 



Figure 19S, 


f^AV control panel. 
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APPENDIX I 
REFERENCES 


AR 95-sevies 
TM 1-215 
TM 1-300 

TM 11-2557-27 
(ATP 7110.1B) 

TM 11—5895—217—12 

TM 11-6615-204-12 

AFM 51-12 


(Aviation.) 

Attitude Instrument Flying. 


[Meteorology for Army Aviation. 

Air Traffic Control Procedures. (Washington. D.C.; Governmenl Printing 
Office. 12 November 1964.) 

Transponder Set AN/APX-44, Operator and Organizational Maintenance 

Manual. ' • 

Automatic Flight Control System AN/ASW-12(V), Operator a,«l Orgam- 
zational Maintenance Manual. 

Dead Reckoning Computers. (Department of the Air Foicc, ir 
flommRiid. May 1959,) 
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APPENDIX II 

ATC SHORTHAND SYMBOLS 


1 . Senefol clearances which must be delivered by ATC does not pei-mit excessive 

a Also the speaking rate is too rapid for longhand -Pyint 

repetitions of a cl clearance which diflfers from the original flight phn . In 

ance. Ltv mult bfpartM^^^ alert to receive and understand the clearance given, 

such cases the av aln in^ a 

"ymw” standardised for use as clearance shorthand. 

2. Common ATC Shorthand Symbols 

Words awl Phrases Symbol 

Above (e.g., 6,000 feet altitude) -50 

ADV 

> 

G-B, V-7 

b 

( ) 


Advise 

After Passing — 

Airways 

All Turns Left.. 
Alternate Instructions.. 


Altitude 6.000-17,000 

And ^ 

AP 

Approach - atm-* 

Automatic Direction Finder ADF 

Approach Control APC 

At @ 

ATC Clears ^ 

As a Fix 

Before Passing ^ 

Below, 6.g., 5,000 feet altitude 5B 

Climb to (Altitude) ' 

yr i. n CT 

Contact 

Contact (Chicago) Approach Con- 

trol 

Contact (Chicago) Center— ——CHI 

Course — — CR 

Cross ^ ^ 

Cruise — - — 

Delay Indefinite — . — — — * — 

Depart — — 


Words and Phrases 

Descend to (Altitude- 
Direct — 
Directions (Bound): 

Eastbound 

Westbound 

Northbound — 
Southbound — 

Inbound 

Outbound 


.'i' 

-DR 


EB 

WB 

NB 

SB 

__-lB 

OB 

EA 

A 


Each — : 

Enter Control Area 

Estimated Time of Arrival hi 

Expected Approach Clearance— EAC 

Expect Further Clearance 

Fan Marker ^ 

Final 

For Further Clearance 

For Further Headings 

Ground Control Approach HDG 

Heading H— E 

Hold (East) 

If Not Possible .. „ 

Instrument Landing Sys em- ^ 

Initial ^ (Small) 

Intersection — ^ Tip 

Left Turn After Takeo — 

All- 


AGO 814aA 



rM 7-225 


StVnf nnd Phmscti Symbol 






_ _M 

Mfriiiie (‘ornpass Locator.. 

_ . ML 

.’^•liddie .Marker- _ 

_ MM 

N'ori-tandard Pattern (Left Turn) 

Delav Expected 


<“iut(?r Marker 

OM 

»>ur. of CV.ititrol Area 

. __ ^ 

Over t Identification) 

DHN 

Sluter Compass Locator 

OL 

Of! Course.. 

OC 

i'/an IVsition Indicatox* 

PPI 

Prtx’edure Turn 

- - PT 

Radar Vector 

- RV 

Radial (270°) _ 

270°R 

Range (LF/MF) 

R 

Remain Well to Left Side- 

LS 

Remain ’WeiJ to Right Side_ 

-RS 

ReiMjrt Dei>arti ng - _ 

RD 

Ke|)ort Leavinpf 

- -RL 

Fieport Over- 

T?n 

Report Passing 

- — RP 


Symbol 


Words and Phrases 

Report Reaching’ 

Request Further Altitude Chancp<! 

En Route 

Revei’se Course 

Rigrht Turn After Takeoff. prp 

Runway 


SR 

SBY 

SI 


Standard Range 

Standby 

Straight-In 

Takeoff (Direction — North) fp/Q 

Tower ^ 

Traffic ISw, ... TPC 

Track 

Terminal VHF Omnirange TVOR 

Until y 

Until Advised (By) 

Until Further Advised UFA 

VPR Condition on TOP —VFR 

Via ~ 

V^ictoi' — — — — ^ 

VHP Omnidii’ectional Range VOR 

While in Control Areas ^ (Large) 


3. Examples 

«. “ATC Clears -Army 72888 for nn tt«j i , 

land runway 27. maintain 3,000 until reaewL XT t 9, circli 

Montgomery VOR. Dannely Field weathXS marker. Report departing tli. 

og. wnnd 270° at 6 knots, altimeter setting 29.38, ^ visibility in light rain and 

C R 72888 ILS AP DAN PLD RY 9 O LD P V 
27 M 30 TO LOM RD MGM WX 0 ® 3706 29.83 

^ ATC Clears Arinv 7281 ^ *R/r 

right 'T ‘•‘terseotten, V-454 Oolai^J’ 'direct Skippora'lle Inteim- 

P at 5,000 maintain fi ooo and advise and climb to B,000, 

advise. Contact Cairns departure control on 287.6 im- 


UA DR SKP ^ V-7 BKS A 
•T 3 ON 270° R OZR VOR RC 
UT OR DC 287.6 AFT T/O. 

AQ0BU8A 
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APPENDIX III 

IFR FLIGHT PLANNING 


1. General 

a Planning for an IFR flight can be a simple 
operation requiring 10 minutes or it can 1^ a 
complex operation requriing many hours. The 
extent of planning necessary is dependent on 
the nature of the mission, the type and number 
of aircraft on the mission, the distance to be 
flown, selected route, weather conditions, and 
available navigational facilities. The checklist 
items presented in this appendix provide gene- 
ral guidance for the individual aviator ; they are 
especially applicable to instrument flight plan- 
ning with the United States. The aviator’s pro- 
ficiency and judgment will dictate necessary 
modifications to these procedures and tech- 
niques. 

b. An aviator assigned a specific mission usu- 
ally must plan the flight for arrival at a fixed 
destination at a definite time. The type aircraft, 
the load, and the personnel on board are often 
predetermined by the mission. However, an 
aviator planning a proficiency flight can often 
choose the aircraft, the destination, route, time, 
and other factors which have a bearing on the 
flight. Where possible the aviator attempts to 
control the variable factors affecting^ his mis- 
sion to produce optimum flight conditions. 

2. Flight Planning Checklist 

a. Weather Briefing Sources. A weather 
briefing can be obtained from the following 
persons or agencies: 

(1) A military or civilian forecaster 
in person. 

(2) A forecaster — by local telephone. 

(3) A recorded forecast— by local tele- 
telephone.’ 

(4) Flight Service Stations— in person. 


(5) Flight Service Stations — ^by local or 
exchange telephone. 

(6) Militaiy or Weather Bureau fore- 
casters — ^by long-distance collect tele- 
phone. 

Note, Check current operational publica- 
tions for procedures and listings. 


6. Weather Data Briefing, The weather brief- 
ing should include — 

(1) A forecast for destination and alter- 
nate airfields at estimated time of 
arrival to include— 

(a) Ceiling and visibility. Check for 
compliance with regulations. The 
destination forecast will determine 
the reqiurement for selecting an 
alternate. If the minimum condi- 
tions specified by AR 96-2 exist at 
the destination, an alternate airport 
is not required. 

(b) Weather phenomena producing low 
ceilings and visibility. 

(c) Hazards to flight, including thun- 
derstorms, icing, gusty winds, and 
high density altitude. 

(d) Height of cloud tops. 

(2) An en route forecast to destination and 
alternate airfields to include 


(a) Hazards to flight. 

(b) Height of the freezing level. 

(c) Height of cloud tops and bases. 

(d) Flight level winds and tempera- 


tures. 

(8) An overall weather picture. The avia- 
tor, with the aid of a forecaster if 
possible, should obtain a clear mentel 
nicture of the synoptic weather situa- 
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a!i>2 froiitn! systems. The rate and di- 
rt-i tioji of their movement, and the 
v.v.itlier conditions associated with 
tiiorn, siioiiid be clearly understood by 
the aviator. 

• Selection. Select the best route 

! J ) V/eatlier conditions. 

(2) rrc'ferred routes. Check current op- 
erational publications for listings. 
Deviate from preferred routes when 
safety or tlie mission requires it. 

'ti) Direct routing. File for direct flight 
only if the mission requires it or, con- 
siderable savings of fuel or time can 
be realized. If the flight penetrates 
noncontrolled airspace, ATC will not 
provide for traffic separation. 


d. K\>ide Survey, Conduct a route survey to 
the de;itinati(>n and alternate aii'flelds, using 
f\ici^iittorial charts to determine — 

( 1 ) Primray radio aids for en route navi- 
gation. List frequencies, station identi- 
fiei-s, courses, and radials on the flight 
log, 

(2) Supplementary radio aids to be used 
for position fixing and secondary navi- 
gation. 


( oi Availability of air traffic control 
weather radar en route. 




* reporting points 

and total flight distance. Total distance 
is computed from takeoff to the dee- 
tiiiation radio facility. 

(•>) ^^inimum en route altitudes (MEA'sl 
LMKaT/" altitlfdes 

conditions. Avoid olHt.,,. 

Where icim? ^ altitudes 

hazardous.^ ^ turbulence will be 




/. 


mie 


toeiow 


29,000 


hemispherical 
feet), 

(ft) Odd altitudes are requested on matr 
netic courses from 0° to 179® 
Even altitudes are requested on 
magnetic courses from 180° to 869® 

Note. Bequest altitudes which deviate 
from the dir^t.on rule if the safety o 
flight, aircraft characteristics, or mission 
requires it, ‘ 


(b) 


(3) MEA’s, MRA% MCA>s. 

(ft) Select altitudes that comply with 
published minimum altitudes an. 
plicable to the flight. ^ 

(b) On direct flights, determine mini- 
mum altitude based on charted ob* 
stacles and the requirements of ths 
regulations. 


the flight level temperature will be 
significantly below standard. Low- 
ering of pressure levels in air 
significantly colder than standard 
will result in the true altitude being 
significantly lower than the indi- 
cated altitude (TM 1-300), Request 
an altitude assignment above the 
MEA under these cold-air-tempera- 
ture conditions. 

(4) Aircraft performance and equipment. 

In selecting a flight altitude consider- 
(ft) Optimum operating conditions for 
the aircraft. 


(b) Availability of oxygen, 

(c) Radio equipment limitations (range, 
altitude, etc.). 

(6) Traffic conditions. 

(ft) Avoid relatively low altitudes which 
may conflict with approach control 
n\ terminal areas. 

) Do not request unnecessary altitude 
changes. 

Departt(,re, 


(1) Plan the departure to comply with 
“iftrument departures 
(blDs) at airports for which they 
have been established since ATC nor- 
mally will employ SID’s if available. 
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Re familiar with all SID’s since the 
controller may not authorize the par- 
ticular one requested. 

/ON rLck for availability of departure 
^ control (conventional or radar). Note 
annropriate frequencies. 

ni Study the local area chart if one is 
„,,hiished, or study the departure area 
on the en route chart. Become familiar 
with the radio facilities and intersec- 
tions within the departure area. 

Wotfl Aviator B departing their home eir- 

w Small, »111 ba I""'"""' ‘ • -T, 

Sure procedures. Additional study is 
ilapavUTO »» »«lam.ll« 

airport. 

"■(7oo5te‘‘an<l flle ^ue 

L. II the actuai TAS vwta mo^ 
than 10 knots from the filed TAS, 
notify ATC of the difference. 

/ON Base h'ue airspeed computation on the 
£« ladleated ai«peed lo, novmd 
cruise and the forecast flight level 
temperature, OR consult the aircraft 
opeUr’s manual 
based on gross weight, ahffude t 
perature, and desired 
tions (o.g., maximum range, maxim 

endurance, and short j .j^ft 

mt6 True airspeeds oi a given 
can vary conahlorahly 

k. G,oiw«d. Compute Stodiidspeed tor 

leg of the flight by ““‘''"7 
winds with planned courses an . ^ 

speed (eh. 8). Apply magnetic vu™ta»” “ 
dlrectien when using magneUe courses pu 
lished on radio navigation charts. 
i Estimated Time E'a Route {El J ^ 

(1) Based on groundspeed 'I«ten«^ 
compute the BTE 'f* ® 

SutarcllmUflig^* 

(b) If en route climbs are made a 
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duced airspeed, allow additional 
time for significant changes on the 
leg. 

(2) Compute the total ETE for the flight 
This will be the estimated time re- 
quired to reach the destination radio 
facility. Subsequent time required for 
transition, holding, and approach at 
the destination is not included in the 
ETE on an IFR flight. 

(3) Compute the ETE to the alteimate air- 
field from the destination or other 
critical position along the flight path. 

/. Fuel. 

(1) Compute the “fuel-on-hoard” flight 
plan entry by subtracting the warmup 
and takeoff fuel allowance (see the air- 
craft operator’s manual) from the 
total fuel on board and dividing this 
quantity by the cruise consumption 
rate. The cruise consumption rate is 
determined by the cruise conditions 
and aircraft gross weight, as explained 
in the aircraft operator’s manual. 

(2) Compute total fuel required for the 
flight based on the appropriate con- 
sumption rate specified in the op- 
erator’s manual, and including allow- 
ance for— 

(a) Warmup and takeoff. 

(b) Initial climb (consult aimraft opera- 
tor’s manual for extended climbs). 

(c) Bn route cruise to destination and 
alternate. Allow time in addition to 
ETE’s for hnovm en route delays 
required by the mission. Bn route 
ATC delays usually cannot be antici- 
pated. 

(d) Fuel reserves required for IPR 
flight (see AR 95-2). 

(3) Compute surplus fuel by subtracting 
^ total fuel required from total fuel 
capacity. 

Note. Surplus fuel is important since en 
roirte traffic delays, holding at the destina- 
tion and the instrument approach are not 
Sovidi for in the fuel requirements sp^i- 
fied in paragraph 2/(2) («) through (d) 

Am-3 
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above. Reserve fuel is for UNFOKBSEEN 
circumstances. Do not plan to use resei-ves 
for routine delays. 

A.'. Tf nniml Area. 

(II If an area chart is published for the 
destination, study it carefully to be- 
come familiar with — 

(n) Iladio facilities and intersections. 

(b) Published transitions. 

(;!) .Study all published destination ap- 
proaches which the aircraft is 
equipped to make. Become familiar 
with — 

(g) Transitions. 

(6) Final approach courses. 

(e) Procedure turns. 


(d) Approach ininimums. 

(e) Restriction, warning-, and 
notes. 


caution 


1. Aircraft Clearance Fom (Flight Pi 
Army aviators may wse either the 
military form (DD Form 176) for filing g fljS 
plan or the FAA Form 398. A standard pi 
dure for entries has not been establ^S' 
Clarity is the basic essential in comniA « 
either fo™. Any entij subject to misinter i^ 
tation should be avoided. ' ® 

m. Flight Log. The use of tlie flight log (DA 
Form 2283) is recommended. This provides fot 
a concise summary of data required to exJl 
the flig-ht, allows for inflight revision of date 

i'®cord of the flight 

supplemented by 

lefe^nce to the appropriate radio navigation 


AC20 $143A 
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APPENDIX IV 
FM HOMING 


1, characteristics of the ARA— 31 Homing 
Antenna 

The homing antenna system enables the avia- 
tor to home to any radio transmitter which 
transmits in a frequency range of 24.0 to 49.0 
me. When homing on stations which do not 
emit a continuous signal, it will be necessary 
for the aviator to— 

a. Establish contact with the station, 

b. Have station operator depress transmitter 
switch for a period of 15 seconds with 10-second 
pauses between transmissions, 

c. Use the IB-second transmission periods to 
determine station direction and home. (Homing 
switch must be in the homing position during 
these periods.) 

Note. Aviator and operator may use the 10-second 
pauses to monitor or send voice transmissions. (Hom- 
ing switch must be in the COMM position during these 
periods.) 

2. Operation of the ARA— 31 

The operation of the FM homing system is 
based upon the phase of the incoming FM sig- 
nal as it reaches the ARA-31 antennas. When 
this system is used with the ARC-44 type radio 
receiver, the aviator determines his position 
relative to the transmitting antenna by intei- 
preting the aural signal received, 

a. If the signal reaches the left antenna firs^ 
the aviator will hear the Morse code letter D 
(- . .). This signal indicates the station is to 
the left of the aircraft on its present heading. 

B. If the signal reaches the right antenna 
first, the aviator will hear Morse code letter 
U (. . -). This signal indicates the station is 
to the right of the aircraft on its present head- 
ing. 

AGO 8148A 


c. If the signal reaches both antennas at the 
same time the aviator will hear tlie OH'^ourse, 
solid tone. This signal indicates the station is 
directly in front of or behind the aircraft. 

Note. The AE,C-54 type radio receiver employs a 
visual FM homing capability. This set uses an OMNI 
course indicatoi’ (such as the ID 453, ch, 10) to show 
position relative to the FM homing transmitter. An 
on-course heading is indicated by centered horizontal 
and vertical needles. Station passage is indicated when 
the horizontal needle falls. Turns to remain on course 
are made by reference to the directional vertical nee- 
dle; i.e., left deflection, turn left — right deflection, turn 
right, 


3. Orientation 


(fig. IV-1) 


a. If the on-course signal is heard, the air- 
craft must be turned (either right or left) until 
a U or D signal is heard. Then, the aircraft 
must be turned in the direction the signal indi- 
cates until the on-course signal is heard again. 
The station will now be directly in front of 
the aircraft. 


b If the letter D is heard, the aircraft must 
be turned left until the on-course signal is 
heard. The station will now be directly m front 
of the aircraft. 


c If the letter U is heard, the aircraft must 
De turne-d right until the on-course signal is 
leard. The station will now be directly m front 


i. Homing and Stoflon Passage 

While homing on the station, small tur-ns 
hS be made every 1 or 2 minutes (always ^ 
he same direction) to identify the signal, ^le^ 
ihe aircraft will be turned back on 
I reversal of the si^al is heard, the aircraft 

las passed the station. 

AlV-l 
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ON-COURS 
HEADING I 


Ftgw'6 lV-1. Orientation and homing using an FM signal. ^ 

I 

I 
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INDEX 


^OF (automatic cliraetion finder) : 

Approacli ! 

ChaiiH 

Descent 

Final 

Holding 

Station passage 

Transition 

Bent frequency oscillator (BFO) - 
Dottblo-tlie-angle track interception 

Fixes 

Homing 

Homing beacon 

Incllcntov (radio compass) 

Loopopomtion 

Orientation 

Position fixing 

Receiver {ARN-69) 

Station passage 

Steers 

Time and distance to station 


Tracking 

Track interception 

Transmitter — 

Trial drift correction T" iT 

Aeronautical charts, (See Charts: Aeronautical.) 
Aei'onautical chart syinbols - — - 

Aeronautical information (on charts) 

Agonic linos 

Airborne equipment i ^ v 

ILS. (Seo Instrument landing systein ( ^ 

Radar. (See Radar: Transponder and Weather,) 

Airborne weather radar 

Airport surface cietectlon (A»Di^) 

Airport siivvoillance radar 
Air route surveillance radar 

Air route tramc control center (AETCO) 

Airspeed: 

Calibrated 

Computations (MB-4A) 

Indicated 

Indicator 


11 - 2 , 


Paragraph 


I4r^l0 
14-^14 
14^14 
14-^12 
14-126(1) 
14-11 
ll-3d 
ll-Sc 
ll-7a 
11-5 
11-36 
11-2, ll-4a 
11-9 
11-4, 11-76 
11-7 

11-3, 15-106(3) 
11-5, 15-8c(7) 

11-14 11-16 

ll-8o(6) 

11-6 

11-8 

ll-3b 

11-6 


F«« 


14-8 
14-12 
14-12 
14^8 
14-8 
14-8 
11~3 
11-19 
11-11 
11-5 
11-3 
11-2, 11-3 
U-21 
11-3, 11-13 
11-11 

11-1, 11-2, 15-17 
11-5, 15-14 
11-23 
11-20 
11-5 
11-16 
11-2 
11-5 


4-4 

4-3 

4-4c 

4-3 

6-26 

6-2 


16-27 16-33 16-22 

2-1 2-1 

16-7 16-3 

16-6 16-3 

16-5 16-S 

16-6 16-3 


6—4^1 

8-16 

6-4 

6-4 

6-4 


Air traffic control equipment (radar). (See 

Air traffic control procedures (radar). (See Baoa o ^ 

Air Traffic Control Radar Beacon System (ATCBBS). i 


Air traffic control sectors 

Air traffic control shorthand symbols 


Airways 


16-lla 
app. II) 
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Altitiidea: 

Final approach course 

pattern 

I^iW-level navigation _ 
Mininiuni authorized __ 

Misled approach 

Procedure turn 

Sekclioji 


Transition 

Attitude computations (MB-4A) 

Ar/ifcjguily (loop) 

Angies 

Antenna: 

Homing (ARA-31) 

I»^p 

Radar 

Smsing 

Approach: 

AOF 

Back course 

Charts 


Clearance 


(See Final approach.) 


Final 
Fix . 

Front course 

Horizon (10-882)' 
IFS 


Instrument ~ 

lights : 

Missed 

Hadar 

Straight in 

VOR _ _ _ 



Aural null 

Auto-matic di«;;uVn ftndV^^ 

Ty (ASW-12(V)): 


Stopping procedures . 

Autopi“”f?'' condition7rrrr:: 

Average groandsj^"’“*“' control system.) 


course 

®<®co»«. mark»~“ 

-B^tring; / . 

Magnetic.. ~~ " - — — — — 

Eadio 


Eadio ■•— — — 

®^“tlva ri ’” 


tndmx 3 


Parngrnph 

18-86 

ia-18, 14-Ca 

4-7d. d-10 
18-6, 14-7a 
18-12a 
13-10, 14-6a 
4-7t?, 4-10, 
(20, app. Ill) 
14-11 
8-17 
11-10 
2r-60f. d 




, 1^3 

13-10,14.] 
H44 
13-6,14.] 

13.3 

18-6,14.] 

Hh 

AIIU 

14-8 

8-7 

11-21 

8-2 


(app. IV) 
11-2, 11-0 
10-1, 10-3o 
11-2 


AIV-I 

11 - 1 , 11-21 

10-1,16-2 

11-1 


14-10 14-14 

16-10 

lS-6, 18-96, 14-1, 
14-2, 16-7o(8J, 16-96 
18-8, 18-6, 18-126, 
14-11 


14-8 

16-16 

13^, 13-6, 14-1, 
13-13,15-16 
18-3,18-4,13-9, 
14-8 


IS-Sa, 18-4> 16-lOa 
16-8 
17-16, 17-2 
16-70(8), 16-8 
18-1 

16-26,16-6 
13-12, lD-8o(8) 
16-12o{2), 16-18 
18-3 

14-1 -id-o 


18-3,16-16 

16- 13 

17- 1 
16-18 
I3-I 

16-2, 16-9 
18-8,16-14 


16-7 

13-1 


(app. IV) 
9-10 
11-1 


AIV-1 

9-6 

Il-l 


18-1 

18-8 

18-6 

18-2 

18-4 

18-6 


18-1 

18-3 

18-5 

18-2 

18-6 

18-6 


lB-8a, 16-10 

16-6a 

11-1, 11-4, ll-7a(4) 

-- ^ 11-1 

11- 1, 11-46, 11-6, 

12- 46, 14-126(2) 


16-2,16-1 

16- 

11-1, 11-3, 11-1: 

11 - 

11-1, 11-3, 11-6 
12-3,144 
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Beat frequency oscillator - ---- 

Blip 

Calibrated airspeed "'1111111---— 

Cardinal points ■" 

Cathode ray tube (CKi) - - 

Charts; , 

ADF 

Aeronautical ♦ 

photoinaps ^ 

Sectional 

Symbols — 

World aeronautical (WAC) 

Air navigation. (See Navigation.) 
Approach 


Characteristics — 

Conformality 

Distortion - 

Final approach 

Graticule 

Grid system 

Lambert 

Mercator 

Polar stereographic — 

Projections, (See Projection,) 

Reading: 

Appearance of terrain 

Checkpoints 

In-flight technique 

Pilotage 

Symbols 

Scales 

Standard parallels 

VOR approach 

Chasing the needle — — 

Checkpoints. (See also Intersections.) - 
Circles: 

Arcs ^ 

Central angle 

Diameter 

Great 

Radius — 

Reference: 

Equator — 

Latitude — 

Longitude — 

Meridians 

Parallels , — 

Poles , 

Small — — 

Clearance; 

Expected approach — — 

Pinal approach — — 

I , Plight 


AGO 8148A 


Paragraph 

lUU 
16-1, 16-2, 16-3C 
16-5a 
l(V- 70 (l),ll- 6 e 

6-4a 

2- 12, 2-13 
16-3b, c 

14-10 

3- 12, 4-12 
3-10, 4^, 5-35 

4-4 

4-12 

3-11, 4-3, 4-4, 6-35 


Page 

11-3 

16-1, 16-2 

15- 7 

10-8, 11-10 

6-4 

2-4 

16- 2 

14-8 

3-7, 4-8 
3-7, 4-3, 5-1 
4-3 
4—8 

3-7, 4-2, 4-3, B-1 


18-6, 13-96, 14-1, 
14-2, 16-7e(8), 16-96 
3-4 
3-7d 
3-3 
14-2 
3-6, 3-7 

2- 5 

3- 7 
3-8 

3- 9 

4- 7 

4-6, 4-12d 

4-9 

4-1, 4-8, 4-12 
4-4 
3-2, 6-3 
3-76 
14-2 

10-7e(2),ll-5 
4_6, 4-12d 

2—66 

2-6c 

2-2 

I 2-6,2-6,2-10,3-70 

2-60, d 

2r«,2-9 
2 - 10 , 2-11 
2 - 10 , 2-11 
2 — 10 , 2—11 
2-7, 2-9 
2-7,2-10 
■“ 2-6, 2-6, 2-9, 2-10 

14-4,14-7 
14-8, 16-7d, 16-86 
16-106 

14H9d, (21. aPP- 


13-4, 13-6, 14-1, 
15-13, 16-16 
3-6 
3-4 
3-1 
14-1 
3— 3j 3—4 
2-2 
3-4 
3-5 
3-6 


4-5 
4-4, 4-9 
4—6 

4 - 1 , 4 - 6 , 4-8 
4-3 

3- 1,5-! 

8-4 
14-1 
10-8, 11-5 

4— 1, 4—9 

2-a 

2-2 

2-1 

2-2, 2-4, 3-4 

2n-2 

2r-3 
2r-4 
2-4 
2^4 
2-2, 2~S 
2-2, 2-4 
2-2, 2-3, 2-4 

14-3, 14-7 
14-8, 15-11, 16-14, 
16-15 
14-8, AIIX — 4 


Index 3 
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plittern 

Mi“ 'J cipjjroach 

^?r: 'C^hanfl 

i'!;r,iiu^;t-.in 

Tr.in^ition 

<>;; .unir:itioii“^ voice*. (See Clearance a?zf/ Radio: Gommum cations, ) 

(^.irrvctioiis 

r^-viation 



fViLltiro 

(Si f Heading indicator.) 

1 1 V :id i rj g, ^ S VC H ead ing. ) 

l,^)cators (ILS) 

... 

Caciio I 

Rrvo-. ^ " 

Varjatlf/ji. (See Variation.) 

(See MB-4A dead reckoning computer.) 

a to 

HlilOrC .. .. _ 

Front 

HfAviing 

Magnetic 

Mt.*a taring 
Onini (VOR) 

Flottin^j 

indicator, ID-453; 

Components 

Course selector: ^ 

Description 

^^electing a coarse 

I'^-ing the cour.se reciprocal .. 

i ^tvjation indicator (needle) : ' ^ - 

Centered 


Deflected 


Description 

^■ensitivity 

Crideslope indicator 



To frt^ indicator (sense indicator) • 
FRnft" 

r KOfti indication 



I’arnsi'upl, 

ia-13, 13-ii), 
.13-21, 14-4, 14-Cff 
13-126, 14-9</, 
16-8 o(8) 
II) 
13-3 

13-6, l.'i-7(i d 

IG-lSo, 16-19 


13-10, 13-1 

13-14,14-3.14,’ 
13-9.14-8, 
15-14 
All-i 
13-1 
13-4, IB-ii 
10-14, lC-15 


n-2d 

e-2c 

6-2c 

12-6, 17-3^1 


6-8 

6-2 

6-2 

12-6,17-8 


11-86, 16-6(1 
6-2a 
ll-4a 
2-12, 2-13 


11-2, 16-8 
6-1 
11-3 
2-4 


4-4a 

2-6 


16-3(t 

16-8(i 

14-6 

6 - 2(1 

2-13, 2-14, 6-4 

10 - 6 rt, 10-7 

4-13, 6-4, 7-26 


4-3 

2-2 

16-2 

16-2 

14-4 

6-3 

2-4, 2-6, 5-2 
10-6, 10-8 
4-10,6-2,7-1 


10-4« 

10-46 
10-46, 14-66, d 
10-46 

10-4c, 10-i)a, 0 , 
16-7/ 
10-4 0, 10-96, 
16-7c( 6},16-7/, 
lB-8a(l), 
16-1 06 (3), (7) 

lO-io, 16-3/7 
10-18 
16-46, cl, 16-7(5, 
16-8a(7),16-8o 

10-8o 
10-46, 10-66, 
10-8(», c, 14_g 
10-46, 10-66, 
10-Sct, 10-9(5 

10—4(1, 16-4cl 
10-4(1, 16-3/ 


10-3 

10-3 

10-4,10-6 

10-3 

10-4, 10-13, 10-14, 
16-11 
10-4,10-14, 
16-13,16-17 


10-4, 16-4 
10-22 
16-4, 16-11, 
16-14 

10-11 

10'-3) 10”8| 
10-lli 14-8 
10 - 8 , 10 - 8 , 
10-11, 10-14 

10-4,15-4 

10-4,16-4 
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• I- fnr id- 883. (See Integrated flight system.) 

Course selector (VOR) - - 

Crab angle 

Crosswind ^ " 

Cultural chart symbols 

Current, electrical 

Cycle 

^''‘VoSSrs .'(Sec MB-4A dead reckoning computer^^ 

Instruments "" 

Navigation 

Declination * 

Degrees (angular) 

Density altitude • " 

Deviation, compass " 

Deviation card, “r 1 

Deviation indicator 

DF (direction finding) steer . 

Radar 


VHF/UHP 

Direction Ander, ra^i^o. Direction.) 


Biiection measurement. {See Measurement-. 

Directional indications ^ 

SSS D.stt.-) _ 

Distortion " 

Dividers 

Doppler system (APN-129(V)1) 

Double-the-angle track interception - - 

Downwind 

St wTiw^VsVe'ds^ Wnd': Drift correction.): 

Application 

Computation, MB-4A 

Course 

During tracking: 



Integrated flight system 

RMI 



Heading 


Holding; 

Inbound 

Outbound 

Turning — 

In procedure turn : 

After turning 

Outbound — 

Track 

Duplexer ; 

Earth: 

Direction 


pfLvaei-aph 

i0-4&, l4-5e^- — d 10-3,14- 
7-3 
7-2/, 7-6 
4-46 
9-3 
9-26 


6-16 
4-12, 6-la. 
6-26 

2—66, 6— 3u, 6— 4c 
8-16 
6-2c 
6-2c(2) 
10-4C 


16-46(5), 16-llc(2), 
16 - 126 ( 1 ), 
16-12c(1)(c) 

11-14 11-16 

11-14 11-16 


16-3ff, 15-46(3) 
16-206(1) 
8-4 
16-26(7) 


3-3 

6-26 

19-1 

10-106, 11-8C 

7-1,7-4i7 

7-2 


7-3 7-5 

8-16, 8-17 

7_3 7-5 


11-60 G 

17-7C, d 

12- 3«.(4) 
l0-7d, e 

6-2d, 7-2d, 7-3, 
7-4, 7-5 

13-20 
13-16, 13-20 

13- 20«, 6 

13-116 
IS-lla 
7-2«, 7-4, 7-4, 11-6 
16-3a 


2-12, 2-13 


PbRo 

,4 14-7 

7-3 
7-2, 7-4 
4-3 
9-2 
9-1 


6-1 
4-8, 6-1 
6-2 

!-2, 5-1, 6-3 
8-7 
6-2 
6-2 

10- 4 

lC-2, 16-6, 
16-7 

11- 28 
11-23 


16- 4 
16-18 

8-2 

15-1 

3-1 
6-1 
19-1 
10-18, 11-13 
7-1, 7-8 

7- 1 

7-8 -7-4 

8- 7 

7-3^ 7-4 

11_5 ^11-10 

17- 15 
12-3 

10-8, 10-11 
6-3, 7-2, 7-8, 
7-4 


13-13 
13-10, 13-13 
13-13, 18-14 

13-8 

13-7 

7-2, 7-3, 11-B 
16-1.. 


2-4 


Index 5 
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Identification fi-ienct or foe 

IPR flight planning 

Indicated airspeed 17 




Holding, {See Holding.) 

Missed approach 

Procedure turns. (5;; P^Ved^rVtm-nsT 

sShw,” ■»«">*«>■ 


Instrument cund 


servjce,) 

I^Inal approach 

^ Hinal transition 

Transitions: 

description 

Execution 7 '7 

Publication 

Using a procedure turn : 

Pinal approach 

Outbound leg 

Procedure turn 

Transition 

Instrument landing system'(lLs’)': 

Airborne ecjuipment ; 

Frequencies 

Glideslojie receiver 

Localizer receiver 
Marker beacon receiver 
Approach procedure 
Hack course 

Blue side 7777 I..' 

Front course 

Ground instaJIation7 1" 

Compass locators 
Glkleslope 

Light systems " 

Localizer. {See Localizer, ILS.) 

Marker beacons 

Monitor system -^1.7777''7 
Transmissometer 

Hoiding ^ 

Missed approaches 

Procedure turn 

Transition procedure _ 

Yellow side _ 7_7_ 

Instruments, navigation; 

Airborne weather radar (APN-168^ 

Airspeed indicator 

Approach horizon (ID-ggi^ 

df SiTvS] — 

AKN-69 receiver (ADP) ^ 

Clnclf ' 


Paragraph 
U-lld 
(app. Ill) 

2-4 

6-4 


13-12, 16-8c(8) 


13-36 

13-3a 

13-4 

13-6 

13-6 

13-2d 
13-26 
13-2c, 13-7 
13-2a 


13-8, 1 


] 

1 

1 

1 

1 

13-1, 1; 

i; 


16-36, c 
10-8 
10-3 
lB-6d 
16-7e(8), 16-8 

15- 3a 

16- 3a 
16-3o 


16-26(2)- 


16-6 

16-4 

-(4), 


Clock _ 

Course indicator, ID-4637vo:Rr'’ 
Course _ 


Course indicator,' m-883 — 

Head reckoning 

Directional gyi'o ^ ^ ^ — ^ 


Index 8 


16-6 
16-3/ 
16-26(6) 
13-13 — -13-22 
13-12, 16-8c(8) 

16-8a 

16-7 

16-8a, 16-8a(l) 

10-27— —16-33 
6-4 

17-16, 17-2 

18-1^ 18-6 

lft-3, 10-6 
10-3, 10-66 
11-2, 11-3, 16-6(1 
6-26, 16-8c(4) 
10-4, 16^c, 16-4(1 
17-16, 17-3 
6-16 
6-2 


If 
10 
10 
IS 
IS- 
IS 
16- 
16- 

16- 
16- 
16-1, IS- 
IS-: 
16--( 
16-1 

18-10 13-lS 

13-8, 16-14 

16- 13 
16-11 

16- 2, 16-13 

16—22- 16—37; 

6-4: 

17- 1 : 
18-1—18-5 ? 

10-2,10-4 I 
10-2,10-4 i 
11-1,11-2.16-7 ? 

6-2,16-14 i 
10-3,15-2,16-7 ^ 

17- 1, 17-S i 

6-1 ■ 
e-1 I 

AGO S143A 
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Doppto system (Al’N-129(y)l) 

Drift angle-groundspced indicator 

Heading indicator - 

Integrated fligW system (ASN-33) 

Magnetic compass - 

Radio compass ( ADF indicator) 

Radio magnetic indicator (RMl) 

integrated flight Bystmn ( ASN-3d). 

Approach horjzon ID-882) 

Course indicator (ID-883) 

approaches (VOR and ILS) 

Before takcofP procedures 

ILS appi'oo-eh, front course 

Orientation 

proccdvire turn 

Transition 

VOR intersections 

VOR tracking 

VOR track interception 

Intended track. (Sac Course.) 

Intercardinal points. (See Cardinal points.) 
Interception, track : 

ADF 

Double-tlic-angle 

Integrated flight system 

Localizer (ILS) 

IjOOP 

Methods 

RMI 

Standard 

VOR 

Intersections 

Isogonic linos 

Lambert conformal projection 

Latitude 

Leading the needle 

Light systems (ILS) 

Line-of-sight transmission 

Lines ; 

Agonic 

Isogonic 

L/MF 

Localizer, ILS: 

Back course 

Blue side 

Plight checks 

Frequencies 

Front course 

Identification and voice 

Location and signal 

Needle deflection 

Receiver 

Signal : 

Failure 

Patterns, (See Signal patterns.) 

Tracking 

Tuning 

Yellow aide 


Parngraiih 

na^re 

19-1 

19-1 

19-2 

19-1 

6-2 

G-1 

17-1« 

17-^1 

6-2h 

G-2 

ll-2e, 11-4(1 

U -2, 11-3 

12-1 

12-^1 

17-15, 17-2 

17-1 

17-15, 17-3 

17-.!, 17-5 


11-8 

10-106, ll-Sc 
17-6 
15-3fif 
ll-12a 
10-10 
12-5 
ll-8a 
10-10, 14-5 
10-9, 12-4 
6-26 

3-7 
2-11 
10-10 c 
15-26 
9-13 

6-26 
6-26 
9-8, 9-11 

16-3a, 16-10 
16-3a 
15-3tl 
15-36 
15-3a, 15-8 
15-30 


17-24 

17-9 

17-15 

17-10 

17-15 

17-15 

17-15 

17-15 

17-10 


11-16 
10-17, 11-19 
17-10 
15-4 
11-23 

10- lT' 

12 — 3 

11- 16 
10-14, 14—4: 
10-11, 12-3 

6-S 

3—3 

2-4 

10 - 1.8 

16—1 

9—6 

6-2 
6—2 
9-5, 9 — 6 

15-2, 15—15 
15- 
15- 
15- 
15-2, IB— 1 
15- 
15- 


lO— OU- 

1 15—7/ 

15-3c 

X5--1.3 

a 

16-3/ 

xe— 4 

15- 3ff 

16- 3C 

16— 3a 

xs^a 

XB^a 


Indoic 9 


AQO 8U8A 


05 to 
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U^^piAhF): 

Ambiguity 

Ar.tt'jjua 

Hrrnjr.g 

Ku)i -- 

rat Ion 

Ori irritation ^ 

Station passage 

Time and distance 

Tracking 

Track interception 

U.W frciuency. (See L/MF propoffation.) 
f xnc 1 n a vi ga 1 1 on : 

Altitude 

Might plan graph 

Night 

Pilotage and dead reckoning 

itadio navigation 

Poutes 

U^ather 

f/ixcdromic curve " 

Mapj, V'ideo 


Har»- ^Ve«. Charts.) 
iiagnetjc: 

i^>aring 

Ciimpass 

Course 

Deviation 

Direction 

Heading 

^'0rt'h '"asnetic indicator!) 

Variation 

Marker: 

Reacon 

Bone 

Compass locator ----w — 

Fan ^ 

Frequencies I 

Homing beacon 

Middle _ 

Heading a*iJd ----- I 

Sliding grij ®P®«1 ®o>«Putations _ 

triangle 

“»-<A'dLs'”^2' — ---- 

AlSff ’^“’e'faceTr""- 

■*“** computations — — 


Hi«X J O 


Parmrrnph 

2 - 10 , 2-11 


Psse 

u 


11-10 

11-1 

11-11 

11-1 

11-0 

11-10 

11-116(8) 

11-18 

11-12 

11-120 


n-2i 

IM 

U-2i 

11-1 

11-21 

11-21 

11-23 

11-23 

11-23 

11-23 


4-7d, 4-10 
4-13 
4-10 
4-12 
4—14 
4-126 
4-16 
Z-16 

16-66, 10-0, 
16-18o(1) 


H 4-8 
4-10 
4-12 
4-8 
4-11 
4-9 
4-12 
2-6 

16-3,18-9 


11-1, 11-4, ll-7o(4) 
6-2 a 
6-2rf 

6- 2o 

6-2(2, 11-46(1) 

7- 23 

6-26 

6-26 


16-6® 
16-5a 
11-36, IP-ficj 
16-6a 
,0 

11-36, 14-140 
16-6c, 16-8o(6) 
11-86, 14-I4a 
16-66 
6-2 6_4 

6— 4a, o 

8-80 
8-21,8-29 
8-27 ' 

8-26, 8-296 
8-22 
8-23, 8-31 
8-28 


8-16 

8-17 


11-1> 11-3, 11-12 
6-1 
8-3 
6-2 

6-8, 11-8 

7-2 


6-2 

6-2 


16-7 

16-7 

11-2, 16-8 
16-7 

16-7 — -16-8 
11-2, 14-12 
16-8, 16-14 
11-2, 14-3 
16-7 

6-1 6-2 

6-2, 6-3 


8-17 

8-11,8-16 
8-16 
8-14, 8-16 
8-11 
8-12, 8-19 
8-16 


8-6 

8-7 


AGO 8H3A 
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Density altitude computation 

Description 

Distance 7 

Distance conversion 

Drift correction 

Fuel consuniption calculations 

Groundspecd computation 

Indexes 

Off-course correction 

proportion 77 — 7 

Hadius of action (fixed base) — . 
Ratio. (See Proportion above,) 

Rule of CO 

Scales ^--7 

Time-distance computation 

Time requirement 

Mean meridian r’**',';; V/ 

Measurement, (See also Weems plottoi*) . 
Direction t 

Bearing 

Cardinal points 

Compass rose 

Course 

Degrees 

Geographical 

. Radar 

Radial 

Track 

Distance 1 

Anglo of depression 

Angular 

Arcs 

Degrees 

Dividers - 

Estimation 

Great circle 

Linear 

Radar 

Radius 

Scale 

Statute and nautical mile 

Units 

Position (geographical) - 

Measuring 

Mercator chart — 

Meridians ! 

Greenwich (Prime) 

Longitude — 

Mean 

METRO service 

Middle marker 

Miles; 

Kautical 

Radar 

Statute — 

Minimum authorized altitude 

Minimum en route altitude (MBA) 

AGO 8148A 


Paragraph 

8-16 

8-3 

8-9 

8-4 

8-18, 8-19 

8-11 8-14 

8-7 

8-3c, 8-10 
8-18, 8-19 
8-B 
8^20 

8-18 
8— Su, b 
8-6 
8-8 
W3 


11-1 

2-12 

2-12, 2-18 
2-18, 2-14, 5-4a, b, 
2-6b, 2-13, 5-3c, 6-4c 
10-6a 
2r-12, 2-13 
16-2 
10-ea 

7-2b 

4- 6 
2-6d 

2— 6b,,c 
2-65, 2-16c 

5- 2b 
4—6 

2-B, 2-6, 2-9, 2-10 
2-16 
16-1 
2— 60, d 
3—2, 6— 3 b 
2-16, 6-3b 
2-16 

2-6 ^ 2-11 

8-6c, 6-1 

3-8 

2-10, 2-11 
2-10, 2-11 
2r-13 
16-26 
16-50, 16-80(6) 

2-16, 6-3b 
16-1 
2-16,6-35 
I8-60, 16-II0, 
(26, app. Ill) 
I6-II0, 
(2e, app. III) 


Page 

8-7 
8-1 
8^ 
8-2 
8—8, 8—9 

8_5 8-6 

8-3 
8-1, 8-4 
8—8, 8—9 
8-2 
8-10 

8-8 

8—1 

8-3 

8-3 

2-4 


11-1 

2-4 

2-4 

2-4, 2-6, 6-2, 
2-2, 2-4, 6-1, 6-2 
10-6 
2-4 
16-1 
10-6 
7-1 

4-5 

2-2 

2-2 

2-2, 2-6 
B-1 
4-6 

2-2, 2-3, 2-4 
2-6 
16-1 
2-2 
3-1, 6-1 
2-6, 6-1 
2-6 
2-2, 2-4 
8-4, 6-1 
3-6 


2-4 
2-4 
2-4 
16-22 
16-8, 16-14 

2-6, 6-1 
16-1 
2-6, 5-1 
13-3 
Ain-2 
16-6, 
AIII-2 

Index 11 
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M:; obfitnich'on cl e«i ranee altitiule (MOCA) 

M 15 r4pj>ro:ic]i : 



rltarancc 


II S. 

i'rrctd'ire 


lb:!ar ^GCA) 

, 

Modulation: 

Am/'Iitude 

FA quency 

Mvjufor 

ns 

Radar 

vort 

Hrjvini? target indicator (MTI) 
Najtical mile 


Aids, (,St>; Radio; Aids to navigation.) 

r .. , .. ., 

f’haits. (See Chartsj' 

f'taci rtekoning 

Irrsiruments (Sff Instruments, navigation) 
r.oK UiveL (Sec Low-level navigation ) ^ 

(^-Integrated flight system, 
navigation 'ndicator.) 

j'i.'otage _ ' 

V.-:.(iir«:tir.)!aI beacon ' .. *1 

Ncristar,<lanl.l5= turn 

North jjole: ' 

I'ieograjihic „ 

Magnetic " ' 

-VOTA.M.S 

•Vuil ... " '.I'"' 

tfeatruction cieara'nce' 


) 


t*j^coursecorrection (d;if7)‘'"{jrB'-:iAr:::::::::::::" 

*>nmi. t.S'«e VOR )' 1111' 

firientation: " _ 

adf 

f’M homing 


RMI __ 

VOR .. . 


<^ater . 

marker 

werlay 


I^^rallels 

PJsototnapg ^ 

^ition indicator (Ppj) 

fndi«x 12 


Piirnsruiil) 


16-llt!(l) 

Page 

16^6 

13-12rt 
13-12*, 14-arf, 
16-8(!(8) 
3-12, 16~8 c(8) 
13-12, 14-140, 
16-8o( 8) 
16-13o(3)(o) 
-18«, o; 16-19 

m 

13-2,144^ 
16-14 
13-8,15-14 
13-8, 14-13^ 
16-14 
16-9 

16-14,16-15 

9-6* 

9-6* 

2-4 

2-4 

16-3/ 

10-14 

10-6o 

16-3c 

2-16, 5-3* 

16^ 
16-12 
10-6 
16-2 
2-6, 6-1 

2-1 


4-12, 6-lft 

4-8, 6-1 


4-8, 4-lC 
4-8, 4-1(3 
ll-3b, 14-.l4a 
13-8b 


-1-6, -1-12 
4-6,4-12 
11-2, 14-12 
13-6 


2 - 2 , 2 - 7 , 2 -. 10 , 6 - 2 * 
C-26 
(2d, app. III) 

, 11-1 
13-5c, 13~0a, Ifl-iic 
8-18, 8-19 
lC-18<j(l) 


2-1, 2-2, 2-4, 6-2 
6-2 
Ani-2 
11-1 

13-4, 13-6, 16-6 
8 - 8 , 8-2 
16-2 


2-3 


2-1 


11-4, 11-7* 
(app. IV) 
17-e 
11-10 
12-2 
10-C 
13-3a 
16-6* 

16-6*, 16-6, 
16~lSc(l) 

2-11 
3-12, 4-l2a 
11-16 
4-1,4-7,4-12 
16-S* 


11-3, 11-13 
AIV-1 
17-10 
11-21 
12-1 
10-6 
13-3 
15-7 
16-3,16-2 


2-4 
3-7, 4-8 
11-23 
4-1, 4-5, 4-8 
16-2 


AGO 5143A 
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Plotter. (See Mark IT and Mark II N Weems plotter.) 
Plotting a fix: 


ADP 

EMI 

VOE — 

Plotting (position) 
polar stereographic 

position fixing: 

ADP 


projection 


In holding pattern 


RMI 

VOR 

Position reports 


Precision approach radai (PAR) 

Precision radar — 

Primary radar - 

Prime meridian (Greenwich) 

Procedure turns: 

Adjustment for wind 

Area — - 

Buffer area 

In IhS approach 

Integrated flight system - 

Limiting distance 

Minimum altitude — 

Nonstandard 45" 

Obstruction clcin*ance altitude (OCA) 

Purpose — 

Standard 45° 

Turning rate 

Projection : 

Lambert 

Mercator - — 

Modifled polar atorcographic 

Polar storcographic 

Radar: 

Airport surface detection equipment 

Airport surveillance 

Air route surveillance 

Air trafllc control equipment: 

Air route surveillance radar (ARSR) 

Airport surveillance radar (ASR) 

Airport Surface Detection Equipment (ASDE) 

Precision approach radar (PAR) 

Air trafllc control procedures : 

Approach control (GCA) 

Approaches (ASR and PAR) 

Ainival control 

Assistance in emergency 

Departure control 

En route control 

HaiidofT 

Monitor service 

Target identification 

Transfer of control 

Transitions 

AGO 8143A 


Parfl^rnph 

Page 

ll--7a 

11-11 

12-4a 

12-3 

10-8, 10-9 

10-11 

3-6c, 5-1, 5-2 

3-4, 5-1 

3-9 

3-6 

11-7 

11-11 

13-19 

13-13 

12-4 

12-3 

10-9 

10-11 

13-21d, 14-4, 14-76, 13-18, 14-3, 14-7, 

15-7a, 16-86, 

16-11,15-14, 

15-8c(8), 15-106(9) 

15-17 

16-13tt, 6 , d 

16-7, 16-10 

16-1 

16-1 

16-1 

16-1 

2 - 10 , 2-11 

2-4 

13-11 

13-7 

13-9 

13-6 

13-9 

13-6 

15-8a 

15-13 

17-9 

17-15 

13-96, 15-106(8) 

13-6, 15-17 

13-10, 14-6a 

13-6, 14-7 

13-86 

13-6 

13-5c, 13-9a, I 6 -II 0 

13-4, 13-6, 16-6 

13-7 

13-5 

13-8a 

13-5 

13-8c 

13-5 

13-11 

13-7 

3-7 

3-4 

3-8 

3-5 

3-9 

3-6 

3-9 

3-6 

16-7 

16-3 

16-6 

16-3 

16-6 

16-3 

16-5 

16-3 

16-6 

16-3 

16-7 

16-3 

16-13ni, 6 , d 

16-7, 16-10 

16-12c(2), 16-13 

16-7 

16-13 

16-7 

16-12 

16-6 

16-16 

16-12 

16-i2 

16-6 

16-11 

16-5 

16-10 

16-5 

16-14 

16-12 

16-9 

16-4 

16-10 

16-5 

16-12<j(l) 

16-6 


Index 13 
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TrajTic Control Radar Beacon System (ATCRBS); 

A R X ~ t 4 T ra nspond er : 

Co4ie^5 

Ovscription 

Emergency identification ' 

Identification friend or foe (IFF) 

Interrogation • 

Mark ten (Mark X) 

Modes 

Operation 

Kadar beacon J 

Reception 

Reply (code and mode) 

Scope display; 

Discrete 

Ground clutter 

Raw video 

Readout 

Select I__I_ 

Selective identification feature (SIF) 

Target identification 

Blip (See also APX--44 transponder above,) 

GCA . 

Mile I 

Primary 

Principles; 

Antenna 

Azimuth computation 

Distance computation ,1 

Duplexer (T-R box) 

Moving target indicator (MTI) 

Plan position indicator (PPI) 

Primary radar 

Secondary radar I 

^ Transmitter-receiver 

-steers 


Parngrnnii 


ie-i8c, iG-ia 
lG-21 
ie-20<? 
16-17(i 
10-18a 
ie-i7rf 
1G-I8a, c, 16-19 
lC-22 
16-17 
16-18fi! 
16-180 

16-206(1) 

16-176(3) 

16-200. 

16.206(2) 
16-206 
16-17f/ 
IG-lSt^, 16-20 
16-186 
16-1, 16-2 


llJ-lZo (2)(rt),i6-ig 

16-1 

16-1, 16-170 


Ifi-Sc, 16.18a 
16-2 
16-1 
16-Sa 
1C-3<J 
16-36 
16-1 

Sec. IV, ch. 16 
16-3 


Trafl5e pattern 


Transmitter receiver 
Transition 
Transponder 
Vectors „ 








16-17 
16-llo(2) 
16-2, 16-36 

16-120 (1) (a), 

I0-12o(2) 
16-1, 16-3 
16-12o(1) 
16.186 

16-46(6), 16-llo(2), 
16-126(1), 
16-120 (1) (c) 


Pflire 

16-19 

16-18 

16-18 

16-14 

16-14 

16-15 

16-21 

16-13 

16-16 

16-16 

16-18 

16-13 

16-17 

16-18 

16-18 

16-14 

16-16, 16-16 
16-15 
16-1 
16-7 
16-1 
16-1,16-13 

16-2, 16-14 
16-1 
16-1 
16-2 
16-2 
16-2 
16-1 
AIV-1 
16-1 

16-13 

16-6 

16-1, 16-2 
16-6, 16-7 

16-1 

16-6 

16-14 

16-2, 16-7, 

10-6 


(voi-r 

«*vigation: 
ADP _ 


16-27- 

16-24- 


FLS 

Badar " — ~ ~ ^ 

voR ' — — ~ 




-16-34 
-16-26 
10- 6n 

10-13 


11-1 

16-1 

16-4 

10-1 


16-22- 


-16-27 

16-22 

10-6 

10-20 


II-l 

lE-1 

16-2 

10-1 


•f ' "v 
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Amplitude 

Amplitude modulation 

Beacon 

Bearings — — 

Communications, voice. 


(See also Clearance.) 


Directionfinder (DF). (See ADF.) 

Fixes 

. Frequencies 

Frequency modulation 

Navigation, (iSfee also Radio: Aids to navigation above,) 

Principles 

RGCCivCl^Si (ScO ttis 0 KgcGIVCIS*) 

Signal propogation 

Transmitters - 7 -- 

Tuning procedures. (See Tuning procedures, radio.) 

Wavelength 

Waves 

Radio compass indicator (ADF) 

Radio magnetic indicator (RMI): 

Compass failure 

Description 

Homing 

Orientation 

Plotting a 

Position (Ixing 

Tracking 

Track interception 

Tuning 

Radius 

Radius of action (MB-4A) 

Ratio and proportion (MB^dA) 

Raw video display 

Readout 7 **"" 

Receivers. (See also Tuning procedures, radio.): 

ADF (ARN--59) 

Checks 

Dual 

Glideslope 

Localizer 

Marker beacon 

Radar 

Radio principles 

VOR (ARN-SOA, D and E) 

Reference circles, (See Circles: References,) 

References 

Relative bearing 

Relief 

Reporting point 

Reports, position 

Revolution 


Paragraph 

Page 

9-2e 

9-2 

9-55 

9-4 

11-36, 14-14a 

11-2, 14-12 

11-1, ll-7o 

11-1, 11-11 

9-5, 9-6, 11-16, 

9-2, 9-4, 11-23, 

13-66, 13-21c, 15-7ft, 

13-4, 13-18, 

d, 16-86, 16-8c(8), 

15-11, 16-14, 

16-13, 16-226, 16-23d 16-7, 16-20, 16-21 

9-2 

9-1 

10-8,11-7, 12-4a(3), 

10-11, 11-11, 

13-3a, 13-4, ir>-5& 

12^3, 13-3, 16-7 

9-2c,9-7 ^9-14, 

9-1, 9-5 9-6, 

lG-1 

16-1 

9-66 

9-4 

4-14, 9-1 

4-11, 9-1 


9-6 

i7 57 

9-6 

9-4 

9-8 ^9-14 

9-5 9-6 

9-6 

9-2 

9-2d, 9-4 

9-2 

9-2, 9-4 

9-1, 9-2 

ll-2e, ll-4a 

11-2, 11-3 

12-6 

12-6 

12-1 

12-1 

12-26, 12-66(2) 

12-2, 12-6 

12-2 

12-1 

12-4a 

12r-3 

12-4 

12-3 

12-3 

12-3 

12-6 

12-3 

12-1 

12-1 

2-6c, d 

2-2 

8-20 

8-10 

8-5 

8-2 

16-200; 

16-17 

] 16-206(2) 

16-18 

11-3 

11-2 

10-12 10-18 

10-20 ^10-22 

. 12-16, 14-76, 16-lOa 

12-2, 14-7, 15^16 

16-4c, d 

15-6, 16-7 

16-3C 

16-2 

16-6tt 

16-7 

16-3 

16-1 

9-6 

9-4 

10-3,10-5 

10-2, 10-4 

(app. I) 

AI-1 

11-1, 11-46, 11-5, 

11-1, 11-3, 11-6, 

ll-8a 

11-16 

4-40; 

4-3 

I- 

11-11 

I_ 13-2ld, 14-4, 14-76, 

13-18,14-3,14-7, 

15-7a, 15-86, 

15-11, 1&-14, 

16-80(8), 15-106(9) 

16-16 

2-3 

2-1 
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m \-725 


; : t i ! >-. • i i I J i 0 1 1 1 ic* t i c i 11 d i ca tor. ) 

!:• i:- 

ranti-e (KVR) 


Parn^rnpli 


8^7/ 

lG-^22b 


I’age 

3^5 

lfr-21 


2-12, 2-13 
2-2 
4-126, 
{2c, d, app. Ill) 
lC-9 


2-4 

2-1 


^“2, 

Ain-2 

16-15 


Mfi ■ iA (•'. tu;;;r.-r 

■■i if 'lay 
: i.ilur 



3-2, 6-3 
8-3«, h 
lC-36 
lC-20 
Sec. IV, ch, 1C 
3-10, 4-4, 6-3 


.\fi’ tranie toatrol 

ILh Ici-calizi'i' color coded sig’nal 
A.'?;: It ['.atteras: 

iLf; 

a Hirer, ILS 

.’'‘Jarki'f tea con .. 

von 

•''/.(irria] propagation, radio 

di.:r.t.aT;ce . 

.. . ",11" 

circles 



.. . .. ~"r”ir" 



^Tan^iard: 


turn 

n::^truriK'7it departures (SID) 


K-r h' ( l^'ack) 

turn 

radi<> ...... 


pas^ago: 

Ar.a*"’ 

I' M -oniing 
ILS .. ..„. . 

L-ciop 

Kadio magnetic indi'c7to7, 
'till (o.mrii) 
iHiatiitr niiie 

Str'^'.s-s; 

itr 


t'traignt.in; 

Approach 

4^1caratvce 

La.'Sfling 

fnd«x 16 


ie-ii« 
18-18 
16-3a, 16-8rt(l) 

16-46 
16-8a 
16-6a, l6-7e(6) 
10-2 

9-8 9-14 

9-9 

9-9 

2-6, 2-6 
2-1, 2-6 
2-1 

13-22, 14-6a 


13-8a 
10-126, 
(2/, app. Ill) 
ll-8a 
3-76, 0 
13-11, 14-6/ 

Capp. II) 
9-11 

11-6, 16-7/ 
(app. IV) 
11-6, 16-7/ 
11-116(3) 
12 - 66 ( 8 ) 
10-8 
2-lC, 6-36 


n-14 ^li_i6 

16-46(6), 16-Uc(2), 
16-126(1), 
16-12c(l)(o) 

13-3 

13-3 

13-3 


S-1,6-1 
8-1 
16-2 
16-16 
AIV-l 
3-7, 4-3, 6-1 


16-5 

13-10 

16-2, 15-13 


16-4 
16-2 
IB-7, 16-13 
10-1 
9-6- — ^9-6 
9-6 
9-6 
2-2 

2-1, 2-2 

2-1 

13-18,14-7 

13-6 

16-6, 

Ani-2 

11-23 

3-4 

13-6, 14-7 


AIM 

9-6 

11-6, 16-18 
AIV-1 
11-6, 16-13 

11- 23 

12- 3 
10-11 

2 - 6 , 6-1 


11-23 


16-2, 16-6, 
16-7 


13-1 

13-1 

13-1 
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Pnragrftpli 

Strobe - 16-*25(2) 

Surveillance radar 16-5,16-6,16-17 

Sweep, radar — 16-3c 

Symbols aeronautical chart 4^4. 

Tactical charts 4r-12 

Tailwind 7-6 

Target 16-1, 16-2 

Target idenitficatioii, radar — 16-18rf, 16-20 

Teardrop turn : — 13— 8c, 14— 5fi- 

Time-distaiice computationa (MB-4A) 8-6 

Time-distance to station: 

ADF - ll-8c(6), 11-13 

von — 10-105(6), 10-llc 

To-frorn indicator (VOR) 10-45, 14-6 a 

Tracking : 

ADF - - - 11-6 

Defined - - 11-6 

ILS localizer — - 16-3fif, 16-105(7) 

Integrated flight system - 17^7 

RMI - - 12-3 

, VOR 10-7, 14-4tt 

Track interception. (Sec Interception, track.) 

Traffic control centers, air route 16^5 

Transition 1 

Altitudes - - - 14-11 

Clearance-- 13-6, 16-7a d 

ILS - 16-6d, lB-7 

Instrument approach - 13-4 13 „g 

Radar 16-12o(2) 

Transmissometer 16-25(6), 16-9 

Transmitter : 

ADF — - - 11-35 

ILS glideseope 16-4 

ILS localizer 15-35 

Principles - 9-6 

Receiver, radar 16-3 

VOR - 10-2,16-35(2) 

Transponder (APX-44). (See Radar: Air Trnfllc Control Radar Roacon 
System.) 

Transponder, principles 16-18 

Trial drift correction: 

ADF 11-6 

VOR 10-7e 

Triangle of velocities . 8-23,8-26,8-81 

Triangular pattern ... 16-10 

True airspeed - 6-4, 7-7, 

(2/7, app. Ill) 

Tuning procedures, radio : 

APN-158 16-27 16-34 

APX-44 16-21 

ARN-80A - 10-3, 10-6, 16-3o, 

16-7c, 

15-105(8) (11) 

ARN-30D or E 10-8, 10-65, 16-80 

ARN-B9 11-80, d, 16-30, 

16-70,16-105(4) 

Turns, procedure. (Sec Procedure turns.) 
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Pftgo 
16-1 
16-3, 16-13 
16-2 
4-3 
4-8 
7-2, 7-4 
16-1 

16-16, 16-16 
13-5, 14-4 

8- 3 

11-20, 11-23 
10-18 

10-3, 14-4 

11- 5 
11-6 

16-4, 16-17 
17-16 
11-23 

12- 3 
10-8,14-3 

16-3 

14-8 
13-4, 16-11 
16-8, 16-11 
18_3 13-4 

16-7 

16-1, 16-16 

11-2 

16-4 

16-2 

9- 2 
16-1 

10-1, 16-2 


16-14 

11-6 

10-8 

8-12, 8-13, 8-19 
16-12 
6-4, 7-6, 
AIII-3 

16-22- 16-27 

16-19 
10-2, 10-4, 16-2, 
16-11, 15-17 

10 - 2, 10-4, 16-2 

11- 2, 11-3, 16-2, 
16-11, 16-17 


r 
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(;HF 

I ■!" . m « rr.f as li romc n t ) 
{■pair'd 

Van;at;;/n 

DF ... 

Hiitdar 


Wind 

triangle 

wind. {See Wind direction and speed.) 
VjfF omnidirectional radio range. (See VOR.) 

VilF propagation 

Victor airways 

Vit'ieo map 


Oice communications, (See Radio, communications.) 

P^edures. (See Radio, communications.) 

OB omnidirectional radio range); 

Approach 

Chart representation ------- 

CouKse _ - - - 

ItouWe-the-angle track interception ~I__ 

h^flimating time and distance 

FIses 

Fm^uencies 

I*eading the needle _ 

limitations ~ 

Needle sensitivity 

Orientation -III,.!'! 

Foaition fixing 
Radial 

checicB I'l “ 

Receivers ” 

Signal patterns ... 

Signals 

Station classification Z'I T 

SUtion passage ^ 

Time to station .,..11 
Tracking 

Track interception* 

45 “ ^ _ 

90* ^ _ 


TIoobJe-the-angle 

Transmitter _ 

“rrecOo^I'I -- 

approach: 

Charts 

SI *' — 


H<dding 


i^tionTr' ■"■■ 


ID~463.) 
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Pariunraph 
9-lS 
Z-Qb, 2-16 
7-1, 

6-2b 


f«ii 

!).-6 

H2-e 

H7-3 

6-2 


11-14 11-16 

16-46(6), 16-110(2), 
16-126(13), 
10-120 ( 1 ) (o) 
8^-23 

8-23, 8-24, 8-81 


11-23 ii _24 

16-2, im 


„ 8-12 
8-12, 8-14,8-10 


9-18 

10-9, ll-7a., 16-7a, 
16-106(1) 
16-66, 16-6, 
16-18 o(1) 


^ 9-e 

10-11, 11-11^ 
16 - 11 , 15-16 
16 - 8 , 16-9 


14-1 14_<) 

10-6a, 14-2 

iO-"Ga 


14-1 14.8 

10 - 6 , 14-1 

10-6 


10-7e(2) 
10-106 
lO-lOo 
10-8, 10-9 
10-3 
lO-llo 
10-6o 
10-18 

10-6, lO-lOrf, 14-6a 
10-9 
10-6a 

10-12 ^10-18 

10-2, 10-3, 10-6 

10-2, 10-6o, 10-13 

10-19, 10-20 
10-8, 14-6, 16-7o 
10-106(6), lO-llo 
10-7 


10-8 

10-17 

10-18 

10-11 

10-2 

10-18 

10-6 

10-22 

10 - 6 , 10 - 14 , 14-4 
10-11 
10-6 

10-20 10-22 

10-1, 10-2, 10-4 
10-1 

10-1, 10-6, 10-20 

10-23 

10 - 11 , 14 - 4 , 16-11 
10-18 
10-8 


lO-lOo- 

lO-lOo 

10-106 

10-2 

10-7e 

14—2 
14-7 
14-6, 14-6 
14-4 
14-8 
14-9 
14-8 


10-14 

10-14 

10-17 

10-1 

10-8 


14-1 
14-7 
14 - 4 , 14-7 
14-3 
14-8 
14-8 
14-3 
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TOT (radiated test signal) 

Warning flags i 

Course indicator (VO II) ^ 
Glideslope 


Localizer 

Wave, radio 

Wavelength 

Wave transmission 

Weather; 

Effect; 

Low level navigation 

Terrain appearance 

. Flight planning \ 

Radar: 

Airborne (APN~168) 

Giouml 



Static 

Weems plotter. (Soe Mark II and Mark II N Weems piottor.) 
Wind: 

Cross wind 

Direction and speed 

Downwind 

Drift 

Drift correction. (See also Drift corrections,) 

Application in flight 

Bracketing 

In procedure turn : 


Slow aircraft 


Summary 

Tracking (ADF) 

Tracking (UMI) 

Tracking (VOU) 

When holding 

Effect. {See also Tracking*) : 

On course 

On groundspeed 

On heading 


On track 

Headwind 

Tailwind 

Triangle 

Upwind 

Voctora 

Velocity computation (MI^dA) 
World aoronnutical chart 



Pwnerapli 

10-U 

10-4rf, :6-7fi(2) 
lC-4rf, 16-7e, 
II)-7o(6) 
lB-3/ 
9-2 B, 9-4 
9-2rf, 9-4 
9-2 


4-16 

4-7 

(2b, 6, apj). Ill) 

16-27 1G_33 

10-24- — iC-20 
9-11 


7-2/, 7-0 
7-1 
7-4 
7-2, 7-4 

7-4 

10-7o(l), ll-flfl 
18-8a(2), 13-0o, 
ia-11 

18~7ft, 0 , 11-06, 0 , 
llMlftd) 
7-4 
11-On 
12-3 
10-7rf, 0 
13'in, 1.3.-20, 14-6(1 

7-!I,7-4,7-6 
7-2rf,7-0 
fl-2rf, 7-2rf, 7-8, 
7-4, 7-6 
7-.2fl, 7-4, 7..6, 11-6 
7-2/, 7-6 
7-2/, 7-0 
8-2.% «-.24, 8-81 
7-4 
8-28 
8-28 


PflBO 

10-21 

10-4, 16-11 
16-7, 16-11, 
16-13 
16-4 
9-1, 9-2 
9-2 
9-1 


4-12 

4-6 

AlII-1 

16-22- 16-27 

16-22 

9-6 


7-2, 7-4 
7-1 
7-3 
7-1, 7-3 

7-3 

10-8, 11-10 
18-D, 13-6, 
18-7 

10 - 8 , 11 - 8 , 
18-7 
7-3 
11-6 
12-3 
10-8 
13-10, 13-13,14-5 

7-8, 7-4 
7-2, 7-4 
0-3, 7-2, 7-8, 
7-4 

7- 2, 7-8, 7-4, 11-6 

7-2, 7-4 
7-2, 7-4 
8-12, 8-14, 8-19 
7-3 
8-12 
8-16 

8- 7, 4-2, 4-3, 6-1 
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